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SECTION-5 

SOIL MIROBIOLOGY 

EFFECT OF PHOSPHATES AND TRACE-ELEMENTS (MOLYBDENUM, 
VANADIUM, BORON AND ARSENIC) ON THE MICROBIAL 
POPULATION OF A SOIL IN RELATION TO THE 
PHENOMENON OF NITROGEN FIXATION 

By 

N. R. DHAR and B. BOSE 

Department of Soil Microbiology, Sheila Dhar Institute of Soil Science, 

University of Allahabad “ 

(Received on 3rd December, 195-i) 

Recently Dhar and coworkers’ have reported that the presence of phosphates, 
especially as calcium phosphates, enhance nitrogen fixation markedly. The 
efficiency of such a process i.«., the amount of nitrogen fixed in milligrams per 
gram of carbon oxidized is much greater than that without phosphates. They 
have therefore, concluded that phosphate— rich soils can be rich in nitrogen.’ 
It is also well-known that phosphate is one of the essential requisites of cell- 
protoplasm^ and as such it is esseniial for the proper growth of all living bodies 
including the micro-organisms like bacteria. We have, therefore, investigated the 
importance of phosphates on the growth of bacteria as also on the fixation of 
nitrogen. 

The trace-elements, or the “minor elements” as they are often called, have 
so for been associated with the problem of plant pathology. Various trace- 
elements have been used as a measure to detect and rectify a particular type of 
disease affecting a good crop. Only a few have tried to study the effect of these 
substances either on the bacterial numbers or on the nitrogen status of the soil. 
Some have recently claimed the importance of molybdenum for the nodule- 
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bacteria or Rhizobia® while some others have claimed its beneficial cfl'ect on the 
proper functioning of Azotobacter cells. Hence, along with the role ol’ phosphates 
we have studied the effect of trace-eleineuts like molybdcmiin, vanadium, boron 
and arsenic on the phenomenon of nitrogen fixation as well as on the bacterial 
numbers. i 


EXPERIMliNTAL 


In carrying out the experiment 200 grns of a sample of soil were made to 
pass through a standard 80 mesh sieve and taken, in duplicate, in a number of 
shallow enamel plates of 16 cm diameter. To each of these plates a known 
amount of sucrose (energy- mater ialj, corresponding to 0-5% carbon, was added 
In some of these plates O'OS^ P2O5 was added in the form of the following phos- 
phates ‘ 

00 phosphate [GaH^CPO^la HjOl, dicalcium phosphate (CaHPO, 

•iHaO), tncalcmm phosphate fGaa(POHaj, aluminium phosphate (AIPO. PLO) 
and Rrnc phosphate (PePO,). fn one of the sets 1 % KCl wtts added along with 

to study the eiOFect of organic matter + P20fi 1 

Nn vn -/oM n calctdated amounts of Na2Mo04-12H20, 

. and Na^HAsC)^’ 1 21 LO oorresnondtnr to 

“S ""V. h,()„ 

added separately so that each plate received only one of these irace-elemciits A 
control set was also started without using any of these added materials except 
sucrose. The moisture was maintained at 20% by adding measured quantities of 
distilled water and the mixture was stirred every alternate day to ensure nnifonn 
aeration. One of the sets was exposed to light from a 60 watt electric bulb placed 
at a distance of 3 feet above the table while the other set was covered with a black 

nitrogen were made after carefully drying m an air-oven A portion of the sample 
was kept aside for bacteriological studies before putting llic soil in the oven, 
fcstimations for total organic carbon were carried on according to Walk ley and 
of rapid titration.'* Total nitrogen of the system was estimated ))V 
theKjeldhal method using the salicylic acid reduction modification." 

. , w(?re made for total bacteria tuid Azotobacter bv 

strictly following the sihca-gel technique of Wakstnan and Pred." SiliL-ge^ 
was prepared using Thornton’s medium for total bacteria mid -Beijerinck’s niedium 

the counting purposes plating technique was followed 
, and always an average of 4 plates were taken. The siliea-gc.l is highly selective 
m nature and the errors due to contamination arc consideralily ^minimised 

ThTSfowst fSr^'tT r to grow for which a medium has been used. 

bac eria included tL. concerned. The total 

ht 35°G for 79^ h?, and not fungi. 'I’he plates were incubated 

anneared Vs visci^ovol counting was done. The Azotobacter colonies 

m black Sloi 5 ,1^- '>rownish 

?haraSis^Sorthr.nt®.-,l"”A”''^'f^‘"^ of the pigment which is 

werrnmde from^ Azotobacter chroococcum. Microscopic oliservations 

Xserve anv colonies as well as to 

Sis wLe fLZ m ^ changes appearing in the individual cells. Azotobacter 
cells were found to be larger than majority of bacteria and varied I'rom rod to 
spherical shape, though rqund or oval types generally predominated.’ 
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Before starting the experiments the soil was carefully analysed for its bac- 
terial numbers and chemical constituents which appear in the following tabl-e 

TABLE No; I 

Analysis of normal soil passed through 80 mesh sieve 


Chemical analysis (oven- dry basis) Bacterial numbers (air-dry basis) 


Constituents 

Composition Bacterial analysis 

Millions per gm 

Loss on ignition 

3 - 7550 % Total bacteria 

of dry soil 

25 

HCl insoluble 

81-6524% Azotobacter 

4*5 

Sesquioxides 

11-1650%- Fungi 

0-5 

Fe O 3 

4-1300% 


CaO 

0-9893% 


MgO 

1-1570% 


P 2O5 

0-0785% 


K,0 

0-7328% 


Exchangeable calcium (Amo- 

22-3 m.e/100 


monium acetate soluble) , ; 

Available PaOr. (1% citric acid 

0-0314% 


soluble) 

Total organic carbon 

0-4680% . 


Total nitrogen 

[CIN ratio =10-1 
0-0462% )■ . 


NH4— N 

0-0041% 


NO 3 — N 

0-0109% 


pH 

7-6 ' 



The energy material and the phosphates were tested for their purity before 
addition. The energy material, sucrose '.was analysed for its carbon and 

Nitrogen content : — 


Analysis of Sucrose 

Total carbon 4 T4% 1 • ■ ’ 

Total nitrogen 0-00045% 

The results of the above experiments with phosphates have been recorded in 
the following tables 


TABLE No. 2 (a) 

Light Average temperature 27-5°C 

200 gms Normal soil-f 0-5% Carbon (added as sucrose) (Control) 



Total 

Total 

Carbon 

,“ci»cv 

Total 

Azotobac- 

Days 

carbon 

Nitrogen 

% 

oxidized 

bacteria 

ter 

% 

% 

N, % 

millions/gm 

millions/gi 

0 

0-9570 

0-0467 

... 

... 

25-0 

' 4*5 

60 

0-6356 

0-0586 

0-3214 

+ 0-0119 37-0 

30-0 

6-2 

90 

0-6125 

0 0584 

0-3445 

+ 0-0117 33-9 
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TABLE No. 2 {h) 


Dark 



Total 

Total 

Carbon 

Change 


A'/oiobao 

Days 

carbon 

Nitrogen 

% 

oxidized 

in total 

l'!inici<nir.y l>acieria 

ter 

% 

% 

N. % 

inillious/gni 

milUons/grn 

0 

()'9.570 

0-0467 


« « * 

25*0 

4-5 

60 

0-6865 

0-0524 

0-2705 

+0 0057 

2L0 70-5 

12*4 

90 

0-6354 

0-0520 

0-3216 

■1 0-0053 

1(5*4 (557 

10-2 


TABLE No. 3 (a) 

Light Average temperature 27'5°C 

200 gms soil+0-5%C-|-0-05%P20j-, [as CaH^ (PO^/HjO] 


0 

0-9570 

0-0467 

... 

m m w 


25-0 

4-5 

60 

0-6030 

0-0646 

0-.3540 

+0-0179 

50-5 

52-0 

8-6 

90 

0-5820 

0-0640 

0-37.50 

+0-0173 

4()*l 

46-0 

7-1 




TABLE No. 3 (b) 





Dark 







0 

0-9570 

0-0467 

' ... 

... 

... 

25-0 

4-5 

60 

0-6315 

0-0570 

0*3255 

+0-6 103 


97-5 

16-0 

90 

0-6095 

0-0565 

0*3475 

+0-0098 

2«‘2 

93-0 

14-0 




TABLl^ No. 4 (a) 





Light 




Average temper: 

atuT-e 27-50C 



200 gms soil-+-0-5%C+0-05%P./)r, (as GalTPO^ 

;211aO) 


0 

0-9570 

0-0467 


... 

... 

25-0 

4-9 

60 

0-6005 

0-0670 

0-3565 

+0-0203 

5G'9 

60-0 

9-0 

90 

0-5725 

0-0660 

0-384.5 

+0-0193 

50*1 

.58-0 

8-1 


■i , ; .1 i 


TABLE No. 4 (b) 





Dark 







0 

0-9570 

0-0467 




25-0 

■1-5 

60 

0-6300 

0-0.592 

0-.3270 

+0-’(Vl25 

38-2 

129-5 

27-8 

90 

0-6156 

0-0,582 

0-3414 

+0-0115 

33*7 

120-0 

2<l-9 


TABLE No. .O {a) 

^^Sht Average temperature 27','">°C 




200 gms soil + 0-5%G + 0-05%P2()r, [as Ga., (PO^),^ 


0 

0-9570 

0-0467 

■ - ... 2,5-0 

4-5 

60 

0-5985 

0-0700 

0-3585 +0-0233 64-9 .53-() 

8-4 

90 

0-5680 

0-0698 

0-3890 +0-0231 .59-3 47-0 

7*0 , 




TABLE No. 5 (/;) 



Dark 




0 

0-9570 

0-0467 

250 

4-5 

60 

0-6278 

,0-0620 

0-3292 +0-01.53 460- 112-7 

14-3 

90 

0-6121 

0-0614 

0-3449 +0-0147 42-6 95-0 

12-5 
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TABLE No. 6 (a) 

Light Average temperature 27’5°C 

200 gms soil -H 0'5%G + 0-05% P^Or, (as AlPO^-HaO) 


Days Total G 

Total N., 

Garbon Ghange 

oxidized in total N« . 

0/ 0/ Ltiiciencv 

/o /o 

Total Azotobacter 
bacteria million?/ 


7o 

% 

mulions/gm 

gm 

0 

0-9570 

0-0467 

— _ — 

25-0 

4-5 

60 

0-5640 

0 0541 

0-3930 +0-0174 44-2 

28-0 

4-9 

90 

0-5452 

0-0636 

0 4118 +0-0169 41-0 

26-9 

'4-7 

0 

Dark 

0-9570 

0-0467 

TABLE No. 6 (6) 

25-0 

4-5 

60 

0-5940 

0-0.567 

0-36.30 +0-0100 27-5 

65-0 

11-8 

90 

0-5790 

0-0560 

0-3780 +0-0093 24-6 

50-5 

8-5 

0 

Light 

0-9570 

200 gms 

0-0467 

TABLE No. 7 (a) 

Average temperature 27-5°G 

soil + 0-5%G + 0-05% P2O,, (as FeP04) 

— — , — 25-0 4-5 

60 

0-5340 

0-0664 

0-4230 +0-0197 '46-5 

35-0 

6-5 

90 

0-5190 

0-0660 

0-4380 +0-0193 44-0 

32-0 

5-9 


TABLE No. 7 (b) 


Dark 

0 0-9570 

0-0467 




25 0 

4*5 

60 0-5550 

0-0600 

0-4020 

+0 0133 

33-0 

87-1 

12-5 

90 0-5340 

0-0592 

0-4230 

+ 0-0125 

■ 29-5 

80-5 

10-7 


TABLE No. 8 (a) 


Light Average temperature 27-5°G 


200 gms soil + 0-5%G + 0-05% P2O5 [as Gag (PO^y + 1% KGl 


0 

0-9570 

0-0467 

— 

— 

— 

25-0 

4-5 

60 

0-5640 

0-0744 

0-3930 

+ 0-0277 

70-4 

57-5 

9-1 

90 

0-5490 

0-0730 

0-4080 

+0-0263 

64-4 

.,50-4 

8-2 




TABLE No. 8 

{h) 




Dark 





, , ' 

0 

0-9570 

0-0467 

— 

— 

— 

,25-0 

4*5 

60 

0-6060 

0-0641 

0-3510 

+0-0174 

49*5 

128-6 

28-6 

90 

0-5790 

0‘0634 

0*3780 

+0^0167 

44-1 

125-0 

25*7 
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The results obtained on the experiments with the s;une soil carried on in 
presence of (race-elements have l)een recorded in the following table : — 


'hABLE No. 9 (a) 


I 

jight 



Avc 

rage lempe.r; 



200 

gms soil -[■ 

o-5%c; -1- 

0-05% MoO:, (as Na. 

M(.(),,-I2ir,G 

0 




Carbon 

Change in 

Total 

A/.otobacter 

Days 

Total G 
% 

Total Nj 

oxidized 

Total N., Elliciency 

Bacteria 


0 / 

Jo 

% 

% 

millions/gm 

millions/gm 

0 

0-9570 

0-0467 


— — 

25-0 

4-5 

60 

0 6325 

0-0647 

0-3245 

+ 0-0180 55-4 

56-0 

9-7 

90 

0-5984 

0-0640 

0-3586 

+0-0173 48-2 

50-0 

8-2 




TABLE No, 9 {b) 



Dark 






0 

0-9570 

0-0467 

— 

— — 

25-0 

98-0 

4-5 

60 

0-6425 

0-0582 

0-3145 

+0-0115 36-5 

17-7 

90 

0-6204 

0-0580 

0-3306 

Hj-0-0113 34-1 

94-8 

14-5 




TABLE No. 10 vn) 



Light 



Average lempei 

•alnre 27-5^0 


200 gms soil 

i + 0-5%G + 0-03%V,(\ (as Na 

.aV(\*12H..O) 

0 

0-9570 

0-0467 

— 


25-0 

4-5 

60 

0-6202 

0-0630 

0-3368 

+0-0163 48 d' 

28-2 

5-0 

90 

0-5962 

0-0627 

0-3608 

+0-0160 44-3 

27-0 

-1-7 




TABJ.E No. 10 {b) 




Dark 






0 

0-9570 

0-0467 

— 

— — 

25-0 

4-5 

60 

0-6398 

0-0565 

0-3172 

+0-0098 30-8 

62-0 

10-9 

90 

0-6227 

0-0560 

0-3343 

-4-00093 27-8 

57-5 

9-9 




TABLE No. 1 1 (a) 




Light 



Average temper 

■atnre 27-5'’C 


200 gms soil + 

0'5%G 4 

- 0-5% As.(4r, (as Na2HAs()4-12HaO 

) 

0 

0-9570 

0-0467 





25-0 

0-5 

6 

0-6250 

0-0636 

0-3320 

+0-0169 .'0-9 

3-1 

0-21 

90 

0-5975 

0-0634 

0-3595 

-1-0-0167 46 4 

1-5 

0-08 




TABLE No. 1 1 (h) 




Dark 






0 

0-9370 

0-0467 

— 



25-0 

4-5 

60 

0-6415 

0-0572 

0-3L55 

+ 0-0105 33-2 

5-4 

0-.50 

90 

0-6252 

0-0568 

0-3318 

+ ()-01()l 30*4 

2-8 

0-12 
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TABLte No. li{a). ■, ^ ■ ■■ . ■ 

Light Average temperature 27*5oG 



200 gins soil 

+ 0-5%G + 0-05% BjOa (as_Na2B,O7,-10H„O) 

Days Total G 

Total N 2 Carbon 

Change in 

Efficiency 

Tothl 

Bacteria 

Azotobacter 

0 

% 

0-9570 

% 

0-0467 

oxidized 

% 

Total No 
% 

millions/ 

gm 

25-0 

millions/gm 

4-5 

60 

0-6180 

0-0605 

0-3330 

+ 0-0138 

40-7 

26-5 

4-8 

90 

0-5640 

0-0598 

0-3930 

+0-0131 

33-3 

26-0 

4-6 

0 

Dark 

0-9570 

0-0467 

TABLE No. 12 (i) 

25-0 

5-5 

60 

0 6360 

0-0565 

0-3210 

+0-0098 

30-5 

52-8 

10-7 

90 

0-6060 

0-0560 

0-3510 

+ 0-0093 

26-4 

48-6 

8-2 


DISCUSSION 

From the foregoing data it is observed that the bacterial response is quite 
pronounced in the plates to which phosphates were added in the form of calcium 
phosphates. Both calcium as well as phosphate are essential for the multiplica- 
tion and growth of the bacterial cell and that is probably the reason why the 
phosphate effect on the bacterial number differ considerably when aluminium 
phosphate and ferric phosphate have been added. There is appreciable increase 
in numbers with ferric phosphate because iron is also one of the essential require- 
ments, but only in small amounts, for the proper functioning of the cell-protoplasm. 
Our results clearly show that aluminium phosphate is definitely harmful to the 
bacteria and there can be no doubt that it exerts a toxic effect. The bacterial 
fiigure with aluminium phosphate is even lower than that obtained with control. 

There is marked difference in bacterial response towards the three different 
varieties of calcium phosphate used. The most probable reason for this 
difference must be due to the pH effect- Azotobacter as well as total bacteria, 
being living organisms, are considerably affected by the pH changes as the cell- 
protoplasm is extremely susceptible towards pH variations. It is generally 
well-known that Azotobacter prefers a slightly alkaline medium for its proper 
functioning. Probably the ideal pH for it ranges between 7*3 to 7*8 though 
it can grow within the pH range 6*0 to 7*8. It rarely occurs at a pH below 
6*0.® Monocalcium phosphate is an acidic substance and as such when added 
to the soil it brings down the pH below 7*0. Though it is well-known that it 
undergoes transformation to the dicalcium variety when added to a soil but 
it does not seem to help in any way the bacterial growth. Aparently the 
acidity, which it exerts at the initial stage, damages the growth. An almost 
similar effect can be observed with the tricalcium phosphate used. Here the 
problem is not that of acidity but it is of alkalinity. Tricalcium phosphate is 
considerably alkaline and when added to a soil can increase the pH to show a 
marked degree of alkalinity. The bacterial cell seems to be sensitive towards 
alkalinity. There has not been much, bacterial response towards tricalcium 
phosphate though it seems to be better in comparison to monocalcium phosphate. 

Dicalcium phosphate, on the other hand, seems to be the ideal phosphatic 
food for bacterial growth. This substance is known to exert a buffer effect and 
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tlnis sd.Ve tiic soil from becoming citlicr too acidic or too alkaline whieli is the 
ideal condition for the functioning of Hvine: organisms. Its solubility increases 
in H.COg and other weak organic acids which arc prescmt in the soils to which 
organic matter has been added. By far the best: growth of Azotobac^tcr was 
observed in the plate to which a mixture of 1% Kdl was added 

along with the energy- material. Azotobactcr needs some K, along with calcium 
and phosphate. ‘ 

The results obtained with the trace-elements show that the res|>onse of 
bacteria towards the individual trace-clement differ considerably. Molybdenum 
causes a fair growth of bacteria whereas, boron and arsenic retard their growth. 
With arsenic there is a sharp fall in their numbers. Arsenic has been recognised 
for a long time as a poison for any living form. Vaf.adium can support bacterial 
growth but it does not seem to be so clfctive as molybdenum. 

The nitrogen fixation in all these experiments increase with the increase 
in the bacterial number except in the case of arsenic. Thu the most interesting 
thing evident from the tables is that there is always more nitrogen fixed in the 
case of plates exposed to artificial light though the bacterial number is almost 
double in the dark counterparts of the same })]ates. More es})ecially, in the 
case of arsenic, it can be observed that there is nitrogen fixation taking place 
even without the active support of the bacteria which are on a decline there. 
Here again, the effect of light is consideralde so far as nitiogen fixation is 
concerned. Thus, the increase in the bacterial figure does not Hul)st antially 
help much in the nitrogen fixation ])roccss and tlxe difference observed in the 
case of light and dark experiments cannot be exjxlainctl from the biological vi(^w 
point because light is definitely known to be harmful for the l>a<a.<a‘ia. 

The above results and the conclusions drawn thereof lead us to believe 
that nitrogen fixation process may not he wholly a phenomenon arising out of 
bacterial activities. Also we conclude from the aforesaid experimental results 
that phosphates and trace-elements, especially molybdenum, considerably help 
in this process. For all agricultural practices therefortg we would recommend 
the use of calcium phosphates along with organic sul)stanc(':s, a Tittle potash and 
a little of trace-elements as substitutes for any artificial manure as the former 
retain their manurial value for a mtich longer period. 
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ON NITROGEN LOSS DURING NITRIFICATION IN CULTURES 
OF NITRIFYING ORGANIS .VIS 

By ■■ 

N. R.DHAR andS. B. SINHA 

Sheila Dhar Institute of Soil Science, Universi^ of Allahabad 
(Received on 14th December, 1 954) 

The importance of nitrates to the plant and of nitrification to soil fertility 
has now become a well recognised fact due to the investigations of Schioesing, 
and Muntz/ Warington/ and Winogradsky/ asserted that nitrification was 
mainly a biological phenomenon and finally isolated the two groups of bacteria 
responsible for nitrification, each one of which was found to be narrowly specific 
in its action. 

In order to demonstrate the essential facts of nitrification Russelb has stated 
as follows — 

'‘The essential facts of nitrification are readily demonstrated by putting a 
small quantity of soil (0 2 — 0*5 gm) into 50 ml of a dilute solution of ammonium 
sulphate containing nutrient inorganic salts and some calcium and magnesium 
carbonates but no other carbon compound. After thr^e or four weeks at 
the ammonia is all gone and its place is taken up by aitrates. The conversion is 
almost quantitative, only an insignificant quantity being retained by the organisms.’’ 

Russell® has also stated the problem of bacterial production of nitrates in the 
following words : — 

"Nitrate production is confined to one are two organisms .only at each stage 
and the end result is a single product quantitatively equivalent to the original 
ammonia ; no single chemical process oxidizes ammonia in this complete manner.’ 

But at the same time actual field observations at Rothamsted® have shown 
that when 100 lbs of nitrogen per acre are added, about 65% is lost without bene- 
fit to the soil or the crop. Marked losses of nitrogen during the nitrification ot 
organic and inorganic nitrogenous manure have also been recorded by Dhar and 
co-workers in several previous publications. 

Hence in order to explain the difference in these observations and to study 
whether a similar loss of nitrogen also occurs during the bacterial nitrification 
of ammonium salts, some experiments have been performed with enriched cultures 
of nitrite and nitrate forming bacteria. 

EXPERIMENTAL 

An enriched culture of nitrite forming bacteria was prepared from garden 
soil by Omeliansky’s method of bacterial culture, the medium employed being : — 
Medium I. Ammonium sulphate (NH4^2 ^04'. . . 2*5 gm 

Pot. phosphate K2HPO4 ... 1 *0 gm 

Mag. sulphate MgS04 7H2O . . . D‘5 gm 
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Cal. chloride GaClo . . . trace 
Distilled-water ... 1 litre 

Mag. Carbonate . . . 1*0 gni 

50 ml portions of this nieclium were st(^rilizecl at 20 lbs pressure for 15 uiirmtes 
in 500 rnl conical (lasks pluggnnl with sterile cotton wool. A 10% sobition of 
ammonium sulphate was sterilized s<‘ 4 )arately in a similar tnanner ami tlie retjuir- 
ed amount of it added to tlic (lasks containing the sterilized medimn muler aseptic 
condition. 

One of the flasks was inoculated with 1 gm of fresh garden soil and incubated 
at 35°C. After eleven days bacterial growth began and was indicated l)y tln^ 
appearance of nitrite and disappearance of ammonia ; the forimu' !)eing tested by 
the a-naphthylaraine sulphanilic acid test and the latter with Nessler’s reagent; 
the tests being performed every third day in a small ])ortion of the culture 
solution withdrawn from the flask, till all the ammonium salt was oxidized 
to nitrite. Then a fresh portion of the sterile (NII^) 2 S 04 solution was added. This 
second portion was oxidized more quickly, since, by now, the nitrite forming 
bacteria had developed abundantly. 

After several additions of ammonium sulphate a vig(jrous culture was 
obtained Now, a drop of the susjiension from the l>ottotu of tlic ilask was trans- 
feried to another flask containing the same sterilized medium with tlnj h(d|> of a 
sterilized platinum loop. A fairly pure and enrichtal culture of the st>eH:ific 
organism was thus prepared l)y making four or live such suc<’.cssivc transfers 
and the enriched culture was used for inoculating the cxpcrirmmtal flasks. 

^ For preparing an cnriclied cnlturi! of nitrate forming organisms the following 
medium was employed : — 

Medium IL Sod. nitrite (NaNOji) • • • I’b gm 

Pot. phosphate (KallPO^) . . . t)"5 gm 

Mag. sulphate (MgSO^'fllaO) . . . 0*3 gm 
Sodium chloride (NaCl) , . . 0*5 gm 

Sodium carbonate (NaCO-j) . . . 1*() gm 

Ferrous sulphate (FcSOi) . . 0*4 gm 

Distilled water ... 1 litre. 

The procedure for preparing an enriched culture was the saim^ as described 
above, with the difference that in this case ])crioclic tests wen; madi; fbr the 
appearence of nitrate and cHsajipcarance of nitrile. Nitrip; was testtal witli a- 
naphthylamine- sulphanilic acid test and when it was found to be absent then a 
portion of the culture was tested with diphenylaminc rcagimt, winm appearance 
of a blue colour indicated the presence of nitrate. At tliis stage a fresh portion 
of a sterilized 10% Sod. nitrite solution was fe<l into the flask. After several 
additions of sod. nitrite a vigorous culture of the nitrap; forming organisms was 
obtained. This was further purified liy making successive transfers as described 
earlier. The finally obtained pure cuhure was used for inoculating tln^ exnri- 
mental flasks, ^ 

Imr the study o( nitrification in bacterial cultur<;s tin; following niax’cdurc 
was adopted h i ^ vauuv. 

Solution /J— 10% Ammonium suljihaP; solution st(*rilize<I 
,, i?— Containing other constituents of Medium I dcscriln;d abov<; 

Solution 10% solution of sodiujn nitrite, sterilized. 

„ Containing other censtituenfs of Medium II dcscrilied above 
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50 ml portions of solutions B and were taken in sets of three 500 ml conical 
flasks which were plugged and sterilized at 20 lbs pressure for 20 minutes In the 
first set of three flasks containing Solution B different amounts of Solution A was 
added with a sterilized graduated pipette and then inoculated with the enriched 
culture of the nitrite forming organism. In the second set of three flasks contain- 
ing Solution B\ different amounts of Solution A' was added and the flasks inocu- 
lated with the enriched culture of nitrate forming organisms. All this was done 
under aseptic conditions. 

Now, all the flasks were incubated at a temperature of 35°G for definite 
periods after which their contents were analysed for their ammoniacal and nitric 
nitrogen content by the method described below : — 

The ammoniacal nitrogen was estimated colorimetrically by Nessler’s reagent. 
Nitric nitrogen was reduced by Devardas’ alloy to ammoniacal nitrogen and then 
estimated as above. 

The results obtained are tabulated below : — 

TABLE No. 1 


Cultures of nitrite formers using ammonium sulphate as the starting 

source of Nitrogen 




Period of incubation — 12 weeks 




Original 




Total 



nitrogen content Ammoniacal 

Nitric 

Total 

°/a loss of 
nitrogen 

S. No. 

(present as Am- 

nitrogen left nitrogen 

nitrogen 

N lost 


monium sulphate) gms 

formed 

left 

gms 


gms 


gms 

gms 



1. 

0-05151 

0-000322 

0-02500 

0*075322 

0-026188 

50-8 

2. 

0*03927 

0-000500 

0-00310 

0-003600 

0-025670 

65-3 

3. 

0-03250 

0-000260 

0-00296 

0*003210 

0-029290 

90-0 


TABLE No. 2 

Cultures of Nitrate formers using Sodium nitrite as the starting 
source of nitrogen 

Period of incubation — 10 weeks 

Original 

nitrogen content Ammoniacal Nitric 
S. No. (present as nitrogen nitrogen 
sodium nitrite) present present 

gms gms gms 

1 0*03151 0'0005 0-0262 

2 * 0*02424 -0002 0*0168 

DISCUSSION 

The results obtained by the authors clearly indicate that even during the 

bacterial nitrification of ammonium salt (i) there is a marked loss of nitrogen 
and fii) the loss is greater during the first stage of nitrification, t.f., during the 
oxidation of nitrite to nitrate. Such losses have been reported by other workers 
as well. 


Total Total 0 / loss of 
nitrogen nitrogen nitrogen 
present lost 

gms gms 

•0267 0-0048 15-2 

0-0170 0-00724 30-2 
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Beesley'^ in his experirnents had observed tinu the stem trf aninioiu;i and 
mtrit(Vfn\st falls (X)nsiclerahly h amount of aininonia oriipnallv present 

and then rises to abont %% of the <TiKinal, dlins, even in^ his cvxjierh 

ments only 90?^ of the ori.t(ina,l nitrogen eonid be aeeounlrd lor iudieaiitig a 
definite loss of some uitrogein ha,ut« aho obtaliual similar result?;. 

The loss of nitrogen (bring this proc’ess has been (’xplaiiual b\ us on tlie 
assumpthm that during nitrification I)(>th attitnoiuttnt atnl nitrite ions are |)resent 
simultaneously. During their eo-existence tltese ions eoitibine to the* unstable 
c()mpound ammonium nioate vvhich readily deeom]Hrs(\s info nitrogen gas and 
water, the gaseous nitrogen escapes from th<^ field of* rcuuUion, eatising the loss of 
nitrogen thus : — 

NH4NO2 == N,+ 1 J^C ) - 1 7 1 a K ( lab 

The mechanism of tlic loss also explains win the bhss is gtcMtcu* during 
the first stage of nitrification nc., nitrite formation than (hiring llie seeiuid stages 
nitrite oxidation. Tin*, assumption, that nitriP* atnl atnmonitnn ions eo-exist 
is support(xl by the cxpririmcntal observations of several workers. 

Martird^ and assotnates found that between j to of* the added nitrogen 
appears as nitrite, befon^ nitrau^ formatioit staaied in their experiments with 
Arizona desert soils with pil about 7*7 on adding ammonia or urea. 

It has been ol)Scrvc(l by sevuTal worluTs like Dhar and Ra.o‘‘*, ( lorlx'td’ 
Singh and Nair^^ that photo-ehemical oxidation of ammonia in solution yields 
nitrite. ^ 

Thus, thcu'c is strong evidenee to show (Init nitrate furmation in .soils takes 
place through the nitrite sta,gc and hence the mmVinudsm snp|)o.*;ed by us to be 
responsible for tlm observed loss of nitrogen seems puite probable in (mse of 
soils having a pH greatta than 7. Some ttitrogen may be lost as amiuouia gas 
but under ordinary conditions on adding nitrogenons marmres, the pH goes to 
the acid side and the loss may be partially due to the deeomjmsition of' nitrous 
acid according to the equation. 

3 HNOa 2 NO t +1 > + 1 1 N( 

From all this it will be clear that the [)roc<iss of bacterial nitrificatioa is 
associated with loss of nitrogen like the plioto-nitrilicalion or tln^ chemical com 
version of ammonia to niti ate. 

SUM XI AH Y 

^ Contrary to the generally accepted idea that iiatrfuail conversion of ammonia 
to nitrate is quantitative though no chemical process oxidizes in such complete 
manner, it has been observed that an apprecnablc amount of nitrogen is lost in 
the nitrification of ammonium sulphate through ])actcrinl agtntcy just like photo- 
nitrification or the chemical conversion of ammonia, to nitraten 

This loss has been explained from the viewpoint that during the proctxss 
of nitrification, the unstable compound ammonium nitrite is ])rodn(xnl as an 
intermediate product which decomposes into water and nitrogen. The loss may 
also, be partially due to the decomposition of nitrous acid, especially when the 
pH is less than 7*0. 
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STUDIES ON INOCtlLATION OF SOIL Wmi AZO^rO.BAOaieil 

/jfy 

N. B. PAUL., N. 1). WAS and AlUJISWAR SI-iN 

Section of Soil Microbiology, Indian Agricultural Research InslUufe, Mew Delhi 

Communicated by Dr. S. P Mitra 
[Received on 28th, October, 1954) 

Inoculation of soil with cultures of certain bacteria was first attempted In 
1900 by Caron who observed that the process generally incia’ased crop yi(dds. 
Since the discovery in 1901 of the aerobic nitrogcai hxing organisms of tlu' genus 
Aziotobacter, studies on inoculation of soil with Azotobaeter and increase in 
nitrogen content of ^oil thereby were made by several workers (Emerson, H)1B; 
MakrinolT, 1924; Brown and Harb 1925 ; (hiiney, 1925). 

Thompson, (1932) obtained high lixation of a,tmospheric iiitrognm in a soil 
having a very low nitrogen cemtent and a low Azolol)act(a' ])0|)nla{ion by 
inoculating it with pure culture of Azotobaeter ehrooeoocum and ol)s<'rved tha.t 
addition of straw alone increased the total nitrogen content <d' (lie s<nL William, 
Martin and Brown, (1937) obtained liigh fixation of nitrogim in soil under a crop 
of timothy by inoculation of the soil with Azotobacicr. (frcav<‘.s and Jones. ( 191'2) 
obtained large increases in tlu^ nitrogen (a)ntcnt of Utah soil wliere Azotol)aet(a' 
was practically absent, by inoculating the soil with Azotobaeter. 

It came to be known, however, that Azotobaeter re((uir(‘<l larg<‘ <|uantitics 
of organic materials to provide energy for du^ lixation of nitrogen. Organic 
matter like root residues of crops were: mostly cellulosic and as such they were 
rather very poor energy materials unless converted by other organisms (o si,mi)le 
sugars which could be utilised more elficicntly by Azotobaeter. 

McBeth, (1911) observed large fixations of nitrogen by Azotobaeter in 
associations with cellulose decomposing organisms. Krishna, (1928) noted that 
straw was very dliciently utilised by Azotol)acter when clecemposed by (Cellulose 
decomposing organisms. Stimulation of the activity of Azotobaeter iii presen(‘e 
of cellulose decomposing organisms was observed by Sanborn and Hamilton, (1929), 

Jensen, (1940) observed that nitrogen fixation in soil by Azotol)aci:fr (X'currcd 
only in association with cornebactcria and of the cellulose decomposing organisms. 
Filter paper, grass and straw were utilised by Azotobaeter with the same effieiencyl 
Shtutser, (1945) stated that Azotobaeter fixed nitrogen at the expense of the 
products of cellulose decora pD.sition and it.sdf created favourable eondilous for 
the nutrition for the cellulose decomposing organisms. 

During the present investigation, cultun^s of Azotobaeter with high nitrogem 
fixing capacity grown on soil media were mixed alone and in comt)iuation witlt 
cellulose decomposing organisms isolated from Delhi soil with Delhi soil moisKmecl 
with one-third its saturation capacity in dillerent proportions and incubated. The 
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soil mixed with different organic materials like wheat straw (poor in nitrogen), 
berseem hay (rich in nitrogen) farmyard manure (average nitrogen content)' 
and mannite (no nitrogen) also received treatments with bacterial cultures and 
incubated under similar conditions. Total and nitrate nitrogen contents as well 
as the Azotobacter counts were determined in the soil under different treatments 
at intervals of seven weeks. It was expected that the results would present, a 
clear picture of the survival of the Azotobacter population introduced into the 
soil by inoculation, utilisation of the energy materials added for fixation of 
nitrogen and formation of nitrates so that crop growth xould not be hindered, 
during fixation of nitrogen for lack of available nitrogen in the soil. 

EXPERIMENTAL PROCEDURE 

Preparation of Azotobacter culture in soil medimnfor inoculation*— Pure strains of 
Azotobacter weie isolated from different soils obtained from different parts of 
India and t;h.eir nitrogen Bxing capacities in Ashby's solution determined, 
Fixations during three weeks were only considered. As the strain from Ferozepur 
soil had the highest nitrogen fixing capacity (5*74 mg/gm of mannite) it was 
selected for inoculation purposes. 

I kg of Delhi soil which was previously sieved through 1 m.m. sieve was 
mixed with the following ingradients : — 

Mannite 10-gms ; potassiun dihydrogen phosphate 0*1 gm ; disodium 
hydrogen phosphate 0*1 gm ; sodium chloride 0*1 gm ; calcium sulphate OT 
gm ; ferrous sulphate 0*1 gm ; marmite 04 :gm ; sodium molybdate 0*002 gm ; 
distilled water 120 c.c. 

The mixture was sterilised in a 2-litre conical flask for two hours at 120^C in 
an autoclave. Complete sterilisation of the soiF was assured by plating out the 
sterilised soil, when at a dilution of I' j- 1000 in Thornton's agar, no plate developed 
any colony. The sterilised soil was thoroughly and aseptically mixed with 
10 c.c. of a forty eight hours’ old culture of the organisms from Ferozepur in 
Ashby’s mannite solution and incubated at 30*^0 for four weeks. Determinations 
of the nitrogen content of the soil in the beginning ( 0*0336 %) and after 
four weeks’ incubation ( 0*0420 %) showed an increase of about 84 mg of 
nitrogen per kg of the soil. Platings of the soil culture also showed a large 
Azotobacter population which numbered 238 millions per gm of the soil (203, 
246, 302, 216, 222 at a dilution of 1 : 1000,000). 

Preparation of the culture of the cellulose decornpoAng organisms. — 100 c.c. of Lohnis’ 
ammonium sulphate cellulose solution in which strips of filter paper were added, 
were inoculated with one gram of Delhi soil. The solution was incubated for 
several days till the filter paper got dissolved. After several transfers when 
contamination of the cellulose decomposing organisms from others were expected 
to be eliminated to a large extent, 1000 c.c. of sterile Lohnis’ solution \^ith pieces 
of filter papers were inoculated with the culture from the last trarisfer. When 
the growth of the organisms was most vigorous and the filter papers got dissolved, 
the liquid was used for soil inoculation. 

Soil, wheat straw ^ farmyard manure and berseem hay. — The soil was collected 
up to a' depth of O-6" from a plot of poor fertility. It was air dried and 
sieved through a 1 m.m sieve and used during the experiments. -The wheat 
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straw, farmyard manure and the berseern hay won': dried and povydered uni- 
formly. The composition of the soil and of the organic maicrials is given in the 
Appendix 1. 

Nitrogen fixation and nitriftcal ion , was mixed thoroughly with th<^ Azoto- 
bacter soil culture in required proportions and witli the other ingredients in 
a porcelain basin'previously sterilised by drying with alcohol with a pro heated 
iron spatula and sterile water equivalent to one-third the saturation capacity 
of the soil was added. In case of inoculation with ctilture of colhdose decompos- 
ing organisms allowance was made of the volume of liquid added while moisten- 
ing the mixture with water. The mixtures were then put in wide mouthed 
bottles and incubated at 30®C. Losses of moisture were made up from time to 
time with additions of fresh sterile water. Determinations of total and nitrate 
nitrogen as also of Azotobacter counts were made at intervals of seven weeks. 
The observations were carried out for a total period of fourteen weeks. 

The experiments were conducted in duplicate series for each treatment and 
determination in duplicates for each sample. 

RESULT'S 

Nitrogen contents of Delhi soil with and without tnMtmerU: of diHerent 
organic materials and receiving treatments with Azotobacter culture singly and 
in combination with cellulose decomposing organisms at difierent iieriods are 
given in Table I. 


TABLli No. I 

Average nitrogen contents of Delhi soil under diHercnt treatments and at 

different periodsS 
(mg%) 


Treatment 


At start 


After 

seven weeks 


After four- 
teen w(a’;ks 


(’lain or loss 


Delhi soil without any addition of organic material 


Uninoculated soil 

Soil + cell. org. — 

Soil+5 Yq Azo . — 

Soil +5 % Azo.+ 
celL org. — 

Soil + 10 % Azo. — 

Soil 4- 10 % Azo. + 
cell, org.- — 

Soil+20 % Azo.— 

Soil +20 Yq Azo.+ 
cell. org. — 


33 'G 

33-G 

35-0 

35-() 

35-0 

35-0 

35-0 

3r)-() 

36-4 

36-4 

35-0 

35-0 

36-4 

36-4 

33-6 

34-3 


33 T> 

3r)-() 

... 

35- 0 

36- 4 

+ 1-4 

3G'4 

... 

37-8 

■1 2-8 

37-8 

-hi -4 

35-0 

-1 1-4 
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Treatment 

At start 

After After four- 

seven weeks teen weeks 

Gain or loss 

Soil treated with 1 

Uninoculated soil — 37*8 

% Wheat straw 

37-8 

37 8 


Soil+cell. org.— • 

37-8 

39-2 

39-2 

+’l*4 

Soil +5 % Azo. — 

37-8 

39-2 

39-2 

+ 1 ’4 

Soil +5 % Azo.+ 

37-8 

37-8 

39-2 

+ 1-4 

cell. org. — 

Soil + lO Azo. — 

37-8 

39-2 

40-6 

+2 8 

Soil+10 % Azo.+ 

36-4 

40-6 

42-0 

+5-6 

cell. org. — 

Soil +20 % Azo. — 

37-8 

39-2 

39-2 

■ ’ +1 + 

Soil+20 % Azo.+ 

37-8 

38-5 

42-0 

+4-2 

cell. org. — 

Soil treated with 1 % Berseem hay 

Uninoculated soil — 70*0 70*0 

70-0 


Soil+cell ,org. — 

70-0 

70-0 

70-0 


Soil+5 % Azo. — 

68-6 

68-6 

68-6 


Soil + 5 % Azo.+ 

70-0 

70 0 

70-0 


cell. org. — 

Soil + 10 % Azo.— 

71*4 

71-4 

71-4 


Soil + 10 % Azo.+ 

71*4 

71-4 

71-4 


cell, org.— 

Soil + 20 % Azo.— 

70 0 

70-0 

70-0 


Soil+20 % Azo.+ 

69-3 

69-3 

69-3 


cell. org. — 

Soil treated with 1 % Farmyard manure 


Uninoculated soil — 

49-0 

49-7 

50-Q 

+ 14 

Soil+cell. org. — 

49-0 

49-7 

51-8 

+2*8 

Soil+5 % Azo. — 

44-1 

46-9 

47-6 

+3*5 

Soil+5 % Azo. +cell. org. — 

44 8 

45-5 

50-4 

+5*6 

Soil + 10 % Azo.— 

47-6 

490 

50-4 

+2*8 

Soil + 10 % Azo.+ cell. org. — 

46-9 

49-7 

49-7 

+2*8 

Soil+20 % Azo. 

44 8 

49-7 

49-7 

+4*9 

Soil+20 % Azo.+cell. org. — 

44-8 

45-5 

47-6 

+2-8 

Soil treated with 

Uninoculated soil — 33*6 

1 % Mannite 

37-1 

37-8 

+4*2 

Soil+cell. org. — 

33-6 

39-9 

39-9 

+6*3 

Soil+5 % Azo. — 

35-0 

41-3 

41-3 

+6*3 

Soil+5 % Azo.+cell. org. — 

35-0 

38-5 

40-6 

+5*6 

Soil + 10 % Azo. — 

36-4 

39-9 

40-5 

+4*2 

Soil+10 % Azo. + cell. org. — 

36-4 

38-5 

39-2 

+28 

Soil+20 % Azo. — 

36-4 

39-9 

40-6 

+4*2 

Soil+20 % Azo.+ cell, org — 

36-4 

39 2 

39-2 

+2*8 
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From the data in table I, it could be observed that except for tn'alment 
with berscem hay, there was fixation of nitrogen in many cas(\s and very often 
maximum fixation of nitrogen in tln^ tiaaOinents of soil with eominon organic 
matter was caused liy Azotoliacler in association with ccdlnlose Sjditting 
organisms. 

Results of dclerminalioh of Azolobacter counts in Dtvlhi soil rtaanving 
different treatments of organic materials and liactcrinl inncnla, lions arc givtm m 
table IL 


TABLE No. II 

Average Azotobacter counts in Delhi soil receiving treatments of different 
organic matter and bacterial inoculations at different periods 
(millions per gram of air dry soil) 


Treatment 


At start After seven 

calculated observed* weeks 


After 

l(*en 


four" 

weeks 


Delhi soil without any treatment 


Uninoculated soil — 
Soil+celL org. — 

Soil +5 % Azo. — 

Soil+5 % Azo. fcell. org 

Soil +10 % Azo. — 
Soil+10 % Azo d"CelL org 
Soil +20 % Azo. — 
Soil+20 % Azo. I cell, org 


Uninoculated soil — 

Soil + celL org. — 

Soil+5 % Azo. — 

Soil +5 % Azo. + cell. org. 
Soil + 10 % Azo.— 

Soil + 10 % Azo. cell, org 
Soil +20 % Azo . — 
Soil+20 % Azo. + cell, org 


Uninoculated soil — 
Soil+celL org. — 

Soil+5 % Azo. — 

Soil+5 % Azo.+celL org 
Soil + 10% Azo.— 

Soil+10 % Azo. + cell, org 
Soil+20 % Azo. - 


3-.30 

l.')-80 

0-36 

0-50 

.'5-30 

Lvao 

0-32 

0-50 

14-48 

22-00 

0 40 

1-08 

14-48 

22-00 

0-68 

1 -60 

24-64 

23-00 

0-74 

1 -20 

24-64 

23-00 

0-B4 

1 -48 

42-42 

36 GO 

1 -00 

2-56 

42-42 

36-60 

1 -34 

l-,56 

Soil with 1 % 

Wheat straw 



3-30 

1.3-80 

1 -42 

1 -34 

3-30 

1 ,3-80 

1-10 

< -98 

14-48 

22-00 

1-24 

1-46 

14-48 

22-00 

1 -68 

2-20 

24-64 

23-00 

1 -1)4 

3-36 

24-64 

23-00 

1-64 

2-4‘> 

42-42 

36-60 

2-02 

.i.58 

42-42 

36-60 

2 -.54 

3-90 

Soil with 1 Berseem hay 



3:30 

15-80 

2-<)8 

3-30 

3-30 

15-80 

1 -58 

1-98 

14-48 

22-00 

2-94 

3-26 

— 14-48 

22-00 

2-88 

2-74' 

24-64 

23-00 

3-16 

4- -94 

24-64 

23-00 

4-46 

■1--34 

42-42 

36-60 

6-/4 ^ , 

5-88 

42-42 

36-60 

4-66 

6-60 


The platings were done in moist soil after six hours.. 
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Treatment 


At start After After four- 

calculated observed* seven weeks teen weeks 


Soil with 1 % Farmyard manure 


Uninoculated soil — 

Soil+cell. org. — 

Soil +5 % Azo. — 

Soil-1-5 % Azo. -1-cell. org. — 

Soil -h 10 % Azo.— 

SoilH-lO % Azo.-f cell, org.— 
Soil -1-20 7. Azo.— 

Soil -1-20 % Azo. -h cell, org.— 

Soil 


Uninoculated soil — 

Soil -h cell. org. — 

Soil -1-5 % Azo. — 

Soil -1-5 % Azo.-l-cell, org. — 
Soil -H 10 % Azo. 

Soil-i-10 % Azo.-t-cell. org.— 
Soil-1-20 % Azo. 

Soil -1-20 % Azo. 4 cell. org. — 


3-30 

15-80 

0-74 

0-56 

3-30 

15-80 

0-82 

0-40 

14-48 

22-00 

0-60 

1-14 

14-48 

22-00 

0-82 

1-44 

24-64 

23-00 

T14 

2-34 

24-64 

23-00 

2-16 

T74 

42-42 

36-60 

1-68 

4-34 

42-44 

36-60 

1-56 

4-82 

with 1 % 

mannite 



3-30 

15-80 

3-18 

3-00 

3-30 

15-80 

2-62 

2-98 

14-48 

22-00 

2-72 

3-88 

14-48 

22-00 

2-88 

3-18 

24-64 

23-00 

3-62 

4-66 

24-64 

23-00 

2-08 ; 

6-36 

42-42 

36-60 

4-44 

4-08 

42-42 

36-60 

5-00 

4-84 


From the data in table II it would be clear, that higher counts of Azoto- 
bacter were generally obtained with higher applications of Azotobacter culture m 
all the treatments. It could also be observed that the chances of survival of such 
a large number of Azotobacter introduced into the soil through inoculation were 
very few indeed under normal agricultural conditions. 

Nitrate nitrogen contents of Delhi soil under different treatments of organic 
materials and inoculated with cultures of Azotobacter and cellulose splitting 
organisms, during the periods under observations are given in table III. 


TABLE No. Ill 


Average nitrate nitrogen contents of Delhi soil under different treatments 
Expressed as mg % on air dry soil which originally contained 
0‘45 mg % nitrate nitrogen 

Treatment After seven weeks After fourteen weeks 


Delhi soil without any treatment 


Uninoculated soil — 
Soil-t-cell. org. — 

Soil -f 5 % Azo.— 

Soil -1-5 % Azo.-l-cell. org.— 
Soil-1-10 % Azo.— 

SoiH-10 7o Azo.-f cell, org.— 
Soil -1-20 7 Azo.— 

Soil -f 20 ;; Azo.+cell. org.^r. 


1-50 

2-10 

1-50 , 

2-40 

1-50 

2-10 

1-50 

2-70 

2-10 

2-70 

2-10 

3-00 

1-80 

2 40 

1-50 • 

3-00 


*The platings were done in moist soil after six hours. 
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Treatment 


After seven weeks After fotirtcen weeks 


Soil with 1 % Wheat straw 


Uninoculated soil — 

0-8() 

0-(i0 

Soil + cell. org. — 

()-4r) 


Soil +5 % Azo. — 

O-IA 


Soil+5 % Azo. - [ cell, org, — 

■* O-lfi 

0'4r» 

Soil + 10 % Azo. 

0-45 

()-4r) 

Soil + 10 % Azo +cell. org.— 

0-45 

0-43 

Soil +20 % Azo . — 

()'4r) 

0'4a 

Soil 1 20 % Azo.-hcell. org. — 

()■()() 

()•(;() 

Soil with 1 % Berseern hay 


Uninoculated soil — 

8-40 

11 •40 

Soil+cell. org. — 

O'GO 

11-40 

Soil+ 5 % Azo. — 

a ■40 

12-00 

Soil+5 % Azo. “[ cell. org. — 

8-40 

13 00 

Soil + 10 % Azo.— 

8-40 

0-00 

Soil 10 % Azo. '1 cell, org.— 

10'80 

11-40 

Soil -[-20 % Azo.— 

8-40 

12-00 

Soil [-20 % Azo. [ cell. org. — 

7-20 

12-00 

Soil with 1 % Farmyard 

inauuro 


Uninoculated soil— 

:f00 

3-30 

Soil+cell. org, — 


fi-'lO 

Soih|"5 Yq Azo.— 

2-7t) 

3-90 

Soil+*5 % Azo. + cell, org.— 

2-70 

■1-20 

Soili'lO % Azo. — 

3-00 

-1-20 

Soil+10 % Azo. + cell. org — 

3-0() 

4-80 

Soil +20 % Azo.— 

4'20 

4-20 

Soil -f 20 % Azo. + cell. org. — 

2-70 

4-20 

Soil with 1 % Mannitc 


Uninoculated soil— 

o-4r) 

I -05 

Soil+cell. org. — 

o-4r) 

1 -35 

Soil+5 % Azo. — 

O-fiO 

O-GO 

Soil+5 % Azo.'l cell, org. — 

O-tiO 

1 -fio 

Soil+10 % Azo. — 

O-GO 

o-7r) 

Soil+10 % Azo.+cell. org. — 

O-d-f) 

t)-45 

Soil +20 % Azo. — 

o-4r) 

1-20 

Soil+20 % Azo + cell, org.— 

0-45 

1 -05 


It could be observed from the. data in table HI that appreciable nitrification 
had taken place only in cases of treatment with berseem hay and farmyard 
manure. Inoculation of the soil with cultures of Azotobacter or cellulose 
decomposing organisms apparently had no elfect on the rate of nitrification. 

DISCUSSION OF IU5SUI.'I'S 

It is clear fiom the data in table I that no remarkable fixation of nitregen 
takes place by inoculating a soil under natural conditions with a soil culture of 
Azotobacter in any proportion singly or in combination with cellulose splitting 
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orgahisms when no organic matter is added to the soil. When wheat straw is 
added to the soil, appreciable fixation of nitrogen takes place only when Azotobac- 
ter culture is added to soil (10 along with the cellulose splitting organisms. 
The proportion of Azotobacter culture required is much lower (5 %) when farm- 
yard manure is added to soil to obtain a fair amount of fixation of nitrogen. With 
treatment of a soil with mannite, large fixations of nitrogen are caused by addition 
of soil culture of Azotobacter amounting to 5 % on the soil along with the cellu- 
lose decomposing organisms. When berseem hay is added to ’ soil, there is no 
fixation of nitrogen even when the soil is inoculated with large proportions of 
Azotobacter culture. The higher nitrogen content of the hay may be sufficing for 
the nitrogen requirements of Azotobacter with the result that no fixation takes 
place. 

Inspite of large Azotobacter numbers introduced into the soil by incorpora- 
tion of the soil culture with soil, the Azotobacter counts fell considerably with 
progress of time (table II), When organic materials are added to soil, the counts 
are generally maintained at a higher level than in the case of the soil without treat- 
ment. Largest counts are obtained in the soil treated with mannite. Soil treated 
with berseem hay maintains fairly large Azotobacter counts inspite of lack of 
fixation of nitrogen by them. It seems possible that diminution of Azotobacter 
number following inoculation with the culture in soil, is due to competition with 
other organisms existing in the soil. Whatever may be the case it seems certain 
that chances of survival of a large number of Azotobacter introduced into the soil 
by inoculation with soil culture, are very limited. 

Highest nitrification has been noticed in the case of soil treated with berseem 
hay irrespective of inoculation with Azotobacter (table III). It may be due to 
its larger nitrogen content. Soil receiving farmyard manure shows fair amounts 
of nitrate nitrogen. Soil treated with wheat straw has the lowest nitrate nitrogen 
content at different periods. 

Crop growth requires large amounts of nitrate nitrogen and nitrogen fixa- 
tion alone, without nitrate formation in soil is not considered as essential need in 
crop production and soil management. It has been noticed that, in the case of 
farmyard manure, fair amounts of nitrate nitrogen are present in the soil while 
showing nitrogen fixation when inoculated with Azotobacter culture. It may, 
therefore be concluded at this stage of the investigations, that soil treated with 
farmyard manure alone is benefitted by application of soil culture of Azotobacter 
to the extent of 5 % in association with cellulose splitting organisms. 

SUMMARY AND CONCLUSIONS 

A culture of Azotobacter chroococcum of high nitrogen fixing capacity was 
prepared in soil medium and it was added in different proportions singly and in 
association with cellulose decomposing organisms to Delhi soil with and without 
treatments of wheat straw, berseem hay, farmyard manure and mannite. Total 
nitrogen contents and Azotobacter counts of the soil under different treatments 
were determined at intervals of seven weeks. The object of the experiment was 
to see if by soil inoculation, Azotobacter population of and nitrogen fixation in a 
soil could be increased. 

It was observed that presence of organic materials in soil was essential for 
higher nitrogen fixation. Soil culture of Azotobacter along with. cellulose decom- 
posing organisms when added to soil to the extent of 10 % gave maximum fixation 
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of nitroffen in the case of untreated soil luid soil treated with wheat sttavv. ^ - 

was no fixation of nitrogen in the e.asc ol lierseein hay lianitnunit. he A/ulobatet 
culture (5 %) with cellulose decomposing orgamsins gave maxumuii lisation ot 
nitroo-cn in the case of soil Ircate.d with farmyard manure. 


Large Azotobacter population introduced into the soil liy mocuhaum did not 
survive under natural conditions and the counts lell consuhu'aldy with progress 

of time. The soils receiving organic materials however, maintamUulj ihougii 
lower than the introduced, larger counts of AzotolKicter than the ni\tr<nue<l soil. 


Highest nitrification was observed in the cases of soil 
hay followed by the soil treated with farmyard manure, 
fication was observed in the case of other treatments. 


(rented witli bcrseeni 
No appreciable nitri- 


Inoculation of the soil treated with farmyard manure with a o % soil cultuie 
of Azotobacter along with cellulose decomposing organisms was considered a very 
desirable treatment from the point of view of iormation ol niirates wiuch aie 
required by plants during growuh and also of lixatiou ol nitrogen tor the improve- 
ment of nitrogen status of the soil. 
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APPENDIX I 

I, Nitrogen content and Azotobacter count in Delhi soil 

Nitrogen contents expressed on moisture free and Azotobactar count on air 

dry basis 


Total nitrogen {% ) 

0-0336 

Nitrate nitrogen (%) 

0-00045 

Azotobacter count (millions per gm) 

3-3 

IL Nitrogen content of the Organic materials 

Expressed as % on moisture free basis 

Wheat straw 

0-40 

Farmyard manure 

1-66 

Berseem hay 

3-40 
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INFECTION OF Ll'XiUMTNOlJS I’EAN FS WITH NITRO(;i'<N 
FIXINC ORCANTSMS FROM WTNDBOKNI', SOU, 

liy 

ABHTSWAR SEN, K. B. UEWAB I, K. B. BAIH mid A. N. SEN 
Section of Soil Microbiology, Indian Agricultural Research Institute, New Delhi 

Communicated by Dr. S. P. Mitra 


(Received on 2Sth October, 1954) 

Organisms in the leaves of rahar (Cajanus eajan). During,!; ou nitrogcu 

fixation by cultivated legumes it was observed that juit'.e of rabar leaves whlcli we:r(': 
washed with sterile wattu' before^ extra(v(ion, iMenais(’d in nitrogen content on 
incubation for a period ranging from two to threat wccrks. Wlum sierllt^ extracts of 
washed rahar leaves were inoculated with a drop of the fermenting licjuid similar 
fixations took place. Repeated serial transfers of loopfuls of the Tuinid to fresh sterile 
Ashby's mannite solutions caused fixations of nitrogen in (aaeh case atid it was 
traced to the presence of some nitrogen fixing organisms in llie original extra-ct 
of rahar leaves. As the extractions wen^ ma(le mnbu' aseptic conditions, the 
organisms must have been present in the leaves themselves. .Sterilisation of (lie 
surface of the leaves, by steeping in mercuric chlorid(^ sohition IxdVira* washing 
with water for preparation of the extract did not prevent devtfloinneni of tlie 
organisms. It was, thcreforCj considered that the organisms might he present not 
only on the surface of the leaves but also inside th(^ leav(\s. On examination, tln^ 
diluted juice revealed the presence of organisms of almost similar oval rod shajie 
under the microscope. These were not noticed in extracts of leaves o(' the plant 
grown under pot culture conditions. The organisms, ihercfon^. dtnadoped only 
under field conditions and most possible cause of the existence of tlic organisms 
must have been the windborric dust falling on the leaves. While on tlie leave^ 
some of the organisms could eventually make a<n entry into the half tissues. TIic 
functions of the organisms in the nitrogen nutrition <)f the plant are not known 
and are under study. The morphological, cultural and biochemical characteris- 
tics of the organisms together with their nitrogen fixing capacity are given in the 
following pages. 

Isolation,— The organisms were readily isolated in mannite agar from a loop- 
ful of extract of rahar leaves after sterilisation by steeping in mercuric chloride 
solution and repeated washing with sterile water or with repeated washing with 
sterile water alone. The colonies in dilution plates were oval, opac|ue and raised. 
The studies on the organism were made from several isolates eacli from a separate 
extract. Each isolate was rcplated anc( single colony cultures obtained prior to 
each series of tests. 

Morphology. — The organism was a short rod, 2*3/^— 3*2/^ in dimensions, highly 
motile, gram negative, non-capsulatecl and formed no spores. It stained readily 
with carbol fuchsin, gentian violet and methylene blue. 
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Cultural characteristics,— Cultures on nutrient agar were opaque, slimy and 
coloured light brown after several days. Tn Ashby’s mannite solution surface 
growth was abundant with formation of pelJicIe, No growth in nutrient broth 
or in solutions of sugars in presence of peptone was exhibited. The organism was 
aerobic. Growth on potato was glossy but barely visible becoming brownish after 
a few days. Optimum temperature for growth was near about 30^C. 

Biochemical characteristics, — The organism decomposed sugars in solution with 
formation of CO 2 but exhibited no action on sugars in presence of peptone. Milk 
or litmus milk remained unchanged within ten days. Nitrates were not reduced 
and starch not hydrolysed. Indole, hydrogen sulphide or ammonia were not. pro- 
duced. The organism did not liquefy gelatin nor showed any surface growth. 

Nitrogen fixation. — Nitrogen fixing capacity of the organism in different media 
is given below (the figures quoted are averages of three determinations and after 
deduction of blanks) : — 

Media mg N fixed during a period 

of fourteen days 

Rahar leaf extract (1:5) 100 c.c. 5*4 

Ashby’s mannite solution (100 c.c.) containing 

1 c.c. of leaf extact 4*7 

Ashby’s mannite solution 100 c.c. 4*5 

Identity, — From the characteristics of the organism it was found to resemble 
Azotobacter chroococcum very strongly (Bergey, 1948). 

Organisms on the stem of the shola pith plant {Aeschynomene aspera). — During studies 
on the wild leguminous plants, it had been observed that the common water legume, 
the shola pith plant which grew wild in paddy fields and low lying areas had no nodu- 
les at the roots but some tubercular raised outgrowths on the stem immediately above 
the submerged portions. The outgrowths extended from the bottom to some 
height along the stem. When these outgrowths were detached from the stem and 
crushed with water and the suspensions examined under the microscope, they were 
found to contain numerous organisms of similar shape. The functions of these 
organisms was suspected to be the same as that of root nodule bacteria in common 
legumimous plants. It was observed that if these plants w^ere grown from steri- 
lised seeds in sand culture, the tubercular outgrowths developed very rarely. At 
the same time, they had to be supplied with combined nitrogen for normal 
development. 

Isolation. — The organism was readily isolated from soil extract mannite agar 
(Joshi, 1920 ; Fred and McCoy, 1932) following Bushnell and Sarles’ method 
(Bushnell and Sarles, 1937). The colonies in dilution plates were colourless, trans- 
parent and raised. The studies on the organism were made from several isolates 
each from a separate outgrowth. Each isolate was replated and single colony 
cultures obtained prior to each series of tests. 

Morphology, — The organism was found to be a short rod with rounded ends 
occurring single or in chains of two and three. It was motile, gram negative, 
capsulated and a non-spore former. The average dimensions of the organism 
from a week old culture were found to be T32/^— 0-72/a. It stained readily with 
carbol fuchsin, gentian violet and methylene blue. 
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: (luiturd ckaracUristics, — llxc orgaiusjti showcti g<HKl growll'i ia nutrient broth 

'willioiit forming a’pelliele, (irov\th on soil extract inannitc' agar wan trans])a,rentj 
raised and glistening like dew drops, Tt exhil)ited poor growtlt in Ashby’s mannite 
agar but profuse growlli on Ashby’s man nit e agar e<mtaijung t)*tK')% as[)argin or 
soil extract:, (h'<iWth, on potato cylindcu's had b(*en^ e.opiotis nuust, slimy and of a 
cream colour. The organism was aerohica 'him optinmm temperature for growth 
had been observed to be between h 

Biochemied reactions. — d'hc organism cleeompos(*d sugars lilu* glueose, dexlrosej 
sucrose, lactose, maltose, arabinosc, xnannost^, ratlinosct am:I galactose with pro- 
duction of gas but very slight acidity. <»as was also |)rodueed in glyc'crine, man- 
nite and salicin. Milk and litmus milk was curdled within two to thre<* days with 
production of gas and reduction of litmus. It produced |)rofuHC turbidity in nutri- 
ent broth turning it slightly acid in the beginning and then alkaline after ten clays. 
Starch was not hydrolysed nor hydrog<m sul{)hide foruual. Nitrates wer(‘ reduced 
to nitrites with great rajxidily. d’he organism did not liipiely gelatine Imt |)roduced 
slight surlacti growth. 

M^lro^!^im /Av//'/en.— 'I'he organism, in tlie frec^ slate, liad only very feeble 
capacity for fixation of atmosplicric nitrogen. Averag;e mmumtH of nitrogen fixed 
by the organism in mg per gram of the sugars during a period of tliree weeks in 
presence of CaCK.,)^ arc given l)clow : No lixation of nitrogen watmibserved in 
the absence of (laC( b (The figures <;[uoted are averages of threi' determinations 
and after deduction of blanks in eaclt case). 

Substance mg N lixed/gm of sulislaatet^ ^ 

Mannite 1*0 

Glucose {)»H 

Sucrose Og; 

Lactose 

/rf(Tgf();.~Nodi:datm^^ was not observed, on inoculation with the orga,nism, on 
lucerne (Mcdicago satlva), bcrscauxt (I’tifolitun alexaudrinuin), 'pea (Ifisnm sativum), 
urid (Phasoelus radialus), while lupin (Lui)imis alhusj and s<iya liean (( Uyeinc max), 
It appeared frorn the general eharaeierisiics of ih<^ organism, however, that the 
organism may belong to the family Rluzobiaceae (liergey, toe. c//.). Further 
tests for the identification of the organism are in progress. ' 
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PURPLE BACTERIA IN PADDY SOILS 

, , By . ■ : ' , 

A2UMA OKUDA MASURO YAMAGUCHI 
Faculty of AgricuUure^ -Kyoto Univefsity^ Kyoto, Japan ' ^ * 

Communicated by Dr. S. P. Mitra ^ 

■ {Received on 10th November^ 1954) . - . _ 

In paddy fields, the crop yield maintains comparatively higher level than 
upland fields without any decline in the fertility of the soil year after year when 
np fertilizer or manure is supplied. 

To understand this phenomenon, we must expect that the soils obtain 
supplies of plant nutrients' frortl somewhere by nature, otherwise the crop would 
cease to grow and the maintenance of the soil fertility could not be brought 
about. Especially, regarding nitrogen supply, many investigators have centered 
their scientific interests and the most yjossible nitrogen supplier have been 'con- 
sidered to be blue green algae having the ability of the atmospheric nitrogen 
fixation under water-logged conditions and in our laboratory the . algae in paddy 
fields have been also investigating and it was "confirmed that blue green .algae 
contributed much to fertilize these soils. 

Of late E. S. Lindstrom^s"^ and his co-workers reported that many species 
belonging to Athiorhodaceae and some species of Thiorhodeceae had the ability 
of the atmospheric nitrogen fixation. As they can fix nitrogen autotrophically 
under anaerobic conditions, it is considered to be- possible to play a role 
as the nitrogen supplier in paddy fields. For this reason, we haV’e been studying 
whether they have the practical value or not and report the occurrence of purple 
bacteria in paddy soils in this paper. 

Soil sampled from one of our experimental paddy field, air-dried soil sarnpled 
last year from the same place, and soil from potato field under dry cultivated 
conditions in Kyoto University were used as inocula. 

For this experiment, solution of the following composition was used as 
culture medium. , -f f--, 

dl-malic acid 2*0 gms NaHCOg 5*0 gms 

(NH 4 ) 2 S 04 1-0 gm. . Yeast extract 10 c.c. 

‘ , 0*5 gm . -r . 'Peptone water, 12 c.c. 

MgS 04 ^ dist. water 1 , IQOO c.c. 

NaCl 2 0 gm pH was adjusted at 7*0 with H 3 PO 4 

30 c.c. of the culture solution was poured into each of 50c.'c. Erlenmeyer 
flask and pasteurized. After these media were inoculated with 100 mg of soil, 
they, .were intercepted from air with 15' c.c. of liquid paraffin and were incubated 
in a therraostat equipped with fluorescent lamps at 30°G. 

After a week, media inoculated with the soil from paddy field began to be 
turbid and soon turned brownish red. Media inoculated with the dried soil spent 
three weeks until they turned red. But that inoculated with the potato soil did 
not show such a significant colour change. 
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These coloured organisms were transferred to sulphur free stibonikurc and 
incubated to determine their taxotmmie povitiotts and physiological properties. 
Most of them were short rocl-shap(xl ami sligluly curved (0*5/^^ by I'^dO/*), Ikanch 
ed cell was also ol)serv(ul atnoug theiru 'I’hey wen' se^'u not to be |)igtmmted uuder 
a microscope, but ai)peared dark n‘d iu luasst's, Thouglt it e.autuH be said chuasively 
as yet, we have tentatively dtdertniued them to l)e Rhodopsetulomouas pidstris 
from the close rcseinl)Iancc in llie morphological c'Jmracterisiic'.sd 

Jensen® said as to the agricultural signifieama' of the' biologl(t;rl nitrogen 
fixation as follows : — 

From the practical point of view it would appear that comparatively little 
can be done to increase the yield of the non*sym!)i<>tic hetcTOtrophic process. 
Firstly, the gains can only be expected to reach significant i)ro|)ortions in neutral 
or alkaline soils of adequate phosphate content, and liming t)f the soil to such a 
reaction is not practicable everywhere. Even tnore decisive is the provision of 
organic matter which, to |>romotc nitrogen fixation, wotdd liave to he of a fairly 
wide G ; N ratio, because otherwise the resultiug forutaiion of aaiutmtua. would 
ipirnediately put a stop to the nitrogett fixaiaou* Bm it is welbkuowu that 
incorporation of large atmmnts of such luateriabH into the soil is tnuleHira.ble, 
inter alia, liecause it entails nitrogen starvation of tlie crop <lue to ilie locking 
up of available soil nitrogen. 

We are of the same oifmion, on whicli we have been studying tlte agrtcadtural 
significance of the nitrogen fixation bv the autotropliie organisms .such as blue 
green alga^ and piirph^ l)acteria. From this point of vic'w, it is of mutdi interest 
and worth while considering further tlmt purple liaeteria were found iu paddy 
soils using only 100 mg of soil samples. 

In regard the inoculum, van Nick showed that it is possible to contain 
large enough numbers to yield positive results when rich soil sami)le is 

used. Considering that they were easily separated froin far sum lief quantities 
of paddy soil compared with ordinary soils, it can rcadilv I)c imagined tlmi they 
find their suitable habitat in paddy fields. 
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NITRIFICATION IN TFIE PRESENCE OF ORGANIC MATTER 


By 

J. S. P. YADAV and J. G. SHRTKHANDE 
Government Agricultural College^ Kanpur 

Communicated by Dr. S. P. Mitra 
{Received on 15th September^ 1954) 


The process of nitrification is greatly affected by the presence of organic 
matter. Doryland (1916) concluded that no organic substance is required for 
nitrification, this process being an autotrophic oxidative phemomenon. Hutchinson 
(1918) and Russell (1927) observed that the application of a carbohydrate to the 
soP caused a decrease in the soil nitrates, whereas the work of Blair and Prince 
(1928) showed that after addition of fresh organic matter to the soil, there is in the 
beginning a depression in the NOg — N of the soil. This depression, they attribute 
not to any particular toxic compound or to the organisms added, but to the 
stimulation of the biological activities with the resulting NOg assimilation. 
Richards and Shrikhande (1935) found that both NHg — ^N and NOg — N are used by 
the organisms for their body protein in the decomposition of the plant materials. 
Anderson (1926) indicated that nitrification can proceed in the presence of cellu- 
loses ; but unless nitrogen is present in quantities above that required by the 
bacteria, the nitrates are utilized as rapidly as they are formed. 

On the other hand, it is suggested by some workers that supplementing the 
nitrogenous fertilizers like ammonium sulphate with organic matter is beneficial in 
conserving their nitrogen which is subjected to a considerable ready loss from the 
soil owing to the solubility and disappearance in the gaseous form. The purpose 
of this investigation, therefore, was to make an attempt to bring cut in some detail 
the effect of an easily decomposable organic substance upon the process of nitrifi- 
cation with a view to elucidating the role of addition of organic matter along with 
the nitrogenous fertilizers. 


METHOD OF INVESTIGATION 

Soil is a very complex system consisting of innumerable factors and since it 
becomes difficult to control several factors in any one investigation, it was 
considered desirable to use an inert medium like sand ip place of soil, so that the 
experiments could be planned to take into account only nitrogen and organic 
matter changes which were sought to be studied here. Accordingly, lOug of 
thoroughly washed pure sand were taken in each ’ Erlenmeyer flask of 250 ml 
capacity. The nutrient culture solution of Winogradsky medium No, 48 was used 
for the nitrifying organisms except the source of nitrogen which was taken in the 
form of ammonium sulphate at 4 levels of 10, 20, 30 and 40 mg N per lOOg of 
sand for studying the process of nitrification. 
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In order to oirserve the cfTect of orf!;anio (nat ter iiimn nitriCiealion, mannitol 
was selected as an easily decomposable or.i'.'inie material and was added in varying 
amounts in diffen'ut experiments. Each flask was inoculated witli 1 ml of a, 
dilute extract of a well-manured garden soil in distilhal wtUer,^ and th<' flasks wer<; 
incid)ated at 35<’G for a period ranging from !t() to til) (lavs. Each ex|)eriment \vas 
quadruplicated. At the end of this period tin; eonteni.s o| thejlasks were an.alysed 
for (i) NH;, — N by distilling with magnesia, (f/) NOjj — N by Griess lllosvay’s eolori- 
metric method, {Hi) NO.,— N by the pluaioldisulphonic a(dd method, (iv) total N l)y 
the standard Kjeldahl niethod, and (v) pH Ity tin; glass electrode method^ (the soil 
water ratio being 2:5). The values for initial pi 1 were, also determined at the 
start of each experiment. 

KX PER I M KNT AL R t’.SU I .TS 


TABLE No. I 



Nitrification 

after 30 days in llu^ 

j)r<‘s<nicc 

of 1 mannitol 

p(;r fla.sk 





1)11 


Minc'ral 

N in 


Total 1 

Trc; 

atnient 

Initia,! 

Final 

NH„— N 

, NO. 

‘1 

''ota 

in tng 

10 mg N 

a-2() 

8-25 

0'i3(; 

'Traces 

‘rt*a(!C.H 

l)■13(i 

0*87 

20 

„■ N 

8-15 

8-20 

0'203 

♦ 

1 , 

l)'203 

l<T4(i 

30 

» N 

. 8 '20 

8-20 

()-280 


) 1 

()•280 

29' If) 

40 

N . 

8-20 

8- 15 

0'3()B 

H » 

1 f 

0-30H 

39*03 


The data in table 1 reveal that in the pnvsene.e of I g mannitol nitrification 
was extremely poor, benng in fact niore or le.ss at a standstill. At the end of 30 days 
only traces of NO.,— N and, NO;,— N w('re formed, while the amount of Nil.,— N 
was v(;ry meagre. In general, even less than D'h mg Nl h,— N was obtaimal on't of 
the total N added, indicating tlun'oby that almost all the miner.al N was (amverted 
into the organic form by the miero-orgnnisms. 'I'lie initial and (inal pH were 
almost the same. 

'I’ABl.E No. 




Nitri 

iication aftem fiO di 

lys in the 

presence of 

1 g maimit 

111 [u-r 11; 

iusk 




pt 

I 


Mineral N 

in m.g 


Total N 

Treatment 

Initial 

Final 

NH,,— .N 

NO.^— N 

NO,,— N 

Total 

in nig 

10 

mg 

N 

8-10 

7 '95 

1 •24fi 

()•(.) 18 

'Fraces 

l'2li-l- 

9-73 

20 


N 

8-l() 

7-90 

2-011) 

0'019 

s s 

2-035 

19-04 

30 


N 

8-15 

8-20 

2-408 

0-019 

J ) 

2-427 

28-56 

40 


N 

8- 15 

8-15 

3 '052 

0-018 

5 1 

3'07t) 

38-71 


cn evident that when the period of incubation was increased 

MU * S mannitol constant, .some nitrat(; was formed. In addition to 

formed. There was however, a greater jjroduction 
01 Nrlg N. This w'as apparently due to the rniner.di/.ation of N in the micro- 
organic tis.sues elaborated in the e.arly period of deeonii)osiiion. The amount of 
Nlds~N with 40 mg level of N was 3'(),')2 mg as against only l)'30fl mg obtained in 
the first experiment. However, NOj — N was formed only in trace's which showed 
still a slow progress in nitrification. The initial and final pH did not show much 
variation. . 
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TABLE No. 3 


Nitrification after 60 days in the presence of I g mannitol per flask 



pH 



Mineral N 

' in mg. 


Total N 

Treatment 

Initial 

Final 

NH3- 

N NO,— N 

NO3— N 

Total 

in mg 

10 mg N 

8 10 

8-00 

0-854 

0-028 

0*435 

1-317 

9-52 

20 „ N 

8-15 

7-80 

1-554 

0-068 

0*871 

2-493 

19-46 

30 „ N 

■ 8-20 

7-80 

2-296 

0-143 

1*388 

3 827 

29-40 

40 N 

8-15 

7-90 

2-758 

0-113 

0*308 

3-179 

39-55 


A careful perusal of the data in table 3 indicates that all the three forms" of 
nitrogen , NH3 — N, NOc.— N and NO3 — N were formed when the amount of 
mannitol was reduced to J g per flask and the period of incubationVas maintained 
at 60 days. The amount of NH3 — N in this case also was appreciable. There 
was a consistent increase in the amount of NO3--N with the increasing level of N 
only up to 30 mg N and then there was a gradual decrease in its amount as soon 
as the level of N was increased to 40 mg with 10 mg N the amount of NOg— N was 
0*435 mg and it increased to as high as T388 mg with 30 mg level oFN, but only 
0*308 mg was obtained with 40 mg level of N. Similar was the case with total 
mineral N. Like the previous experiments there was no marked difference between 
the initial and final reaction. 

TABLE No. 4 

Nitrification after 60 days without mannitol 



_PH 



Mineral N in mg 


Total N 

Treatment 

Initial 

Final 

NHj,— N 

NO2— N 

NO3— N 

Total 

in mg 

10 mg N 

7-85 

7-70 

0-812 

0-054 

1-846 

2-712 

9-87 

20 „ N 

7-80 

7-60 

0-938 

0-089 

3-541 

4-568 

19-81 

30 „ N 

7-85 

7-50 

1-148 

0-092 

5-500 

6-740 

29-82 

40 „ N 

7-90 

7-60 

1-666 

. 0-085 

3-038 

4-789 

39-90 


A comparative study of the data in Table No. 4 and the previous ones shows 
that in the absence of mannitol the process of nitrification had increased consider- 
ably. In this case the amount of NO3 — N formed was sufficiently high. It had 
risen as high as 5*5 mg as compared to almost less than 1*0 mg in other cases. 
Likewise, a distinct increase in total mineral N was also noticed. On the contrary 
the amount of NHg — N showed a significant decrease, indicating that the nitrifying 
organisms converted it into NO3 — N allowing little for accumulation. In this case 
also 30 mg level of N exhibited the maximum amount of nitrate formation. The 
effect of varying concentrations of mannitol upon nitrification has been graph- 
ically represented in figure 1. 

DISCUSSION 

Mannitol was added as an easily decomposable organic material and it was 
found that the process of nitrification was adversely affected by its presence in the 
medium. With a greater quantity of mannitol (1 g per flask) and shorter period 
of incubation (30 days) most of the ammoniacal N was converted into the organic 
form. This may be attributed to the fact that the added mannitol supplied a 
ready source of energy which stimulated the multiplication of the organisms over 
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the period investigated. On the other hand, with a longer period of incubation 
(60 days) greater liberation of mineral nitrogen m tin* h»nn o( NH;,— N was 
obtained. Because, during this period the synthesi/.ed nucr<) Inal tissue tiegan to 
decompose, thus liberating NIl,~N Ilnlcbings .ind Martin (lO.M) also tirrtvcd at a 
similar conclusion. 


A reduction in the amount of mannitol tp .1 g per (lask Iirought iibont a 
further enhancement in nitrification. This wtis owing to ti deereiise >n the tunonnt 
of the energy giving material and a cousecpicni retardation in the dcvclopnienl ol 
the heterotrophic organisms. Conditions now becami' lavonrahle lot nitniKation 
and nitrates accnnsulated in the medium. 


Still greater nitrification was noted when no rnaimitol at all was added to 

the medium. Under this condition there was no chance for the development of 
the heterotrophic organisms and the nitrifying organi.sms, being autorophic in 
nature, multiplied beely promoting accntnulation of NOa— N. It nitty be inlerred 
from this fact that no organic matter is recpiired_ for nitrification. VVasksman 
(1927) pointed out a corniietition between the organisms and the higher jdanls lor 
the available nitrogen. This explains that when the niirogennus fcnili/.ers are 
added to the soil together with large quantities of orgtune. niannrtw, the available 
energy introduced into the soil allow.s a rapid growth of tlie organisms with the 
result that the available N is used up by them to the detrimem of the plant 
growth. The presence of orgtmie matter in the soil may, however, be helpful in 
conserving its nitrogen and in liberating it slowly for the neeil of the crop as 
suggested by some workers. 

As regards tlie individual levels of uitrogen tiu! data |>it‘oved that the higlicsl 
amount of NO;,— N was obtained at 30 ing hwel ot N and this figure dro|)pcd when 
the level was raised to 40 mg per llask. I'Vom this low return in N<);f— N ovor 
30 mg N it appears that the level of N above 30 mg exercises sonto toxic effect 
upon the nitrifying organisms, 

SUMMARY 


In order to study the process of niiriheation In the prt^sence of organic 
matter nitrogen was taken in the form of ammonium sulphate at 4 varying levels 
and mannitol was added as an organic material using sand as the medinra. The 
work furnished a convincing evidence that the presence of organic matter in the 
medium greatly interfered with the process of nitritication due to the locking u|) 
of available N by the organisms which used ttuanttiiol as a. source of energy. 
Further, the best uiiratc formation was noted at 30 mg level of ititrogeti. 
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UN rERSlJCHUN(iKN AN S’l'K I'.P !'( )M Y( iI'n'l-;N-SF( )K MN 

Mrr vERG]irEi)iiNi':N I'Ormen 

liy 

K. KLISTKR* 

Aus dem InslHut J-llr Biochmie des Bodens der l<'ar.uiim,!^xcimtttlt fur I.andwWtschnft, 

Braunschweig!'- To / kcnrnde 


r.nminuiiicntcd by Dr. S. 1*. Milra 
(Rerem'd on 1st Dcceniher, I'lfl-f) 

Unicr deii, B<KU'n<a>'anistnan vca'dicacii <lia .Slr<‘t>U>inyctM<'U wcgcn ihrcr 
antibiotisch wirksaiticn Hlo(r\V(':ch.scl-])rodiikt(' bc'sfaulcia'.s liitcrc.ssr, Atusserdcm hat 
diese Mikroorf^anisiuengruppc bci dor Ibnwaiidltmg (irj,pmbc',h!'r Slollb ini Btidcn 
eine griisse Bcdfuiunjj;, so ist sic B. aiicli am Aufbau <lcr irumusst.un’c lu-teiligt. 
Die duiikclcgef jirbicn Antolyscjiroduktc viebu' Strcplouiyccfcnsiilmmc warden 
eingchend untersiicht and als liattiimiiureii,linlic.h lie/.eichnet, da sic in vielcn 
clifinischcn and pbysikalischcn Rcaklimcsn den Budenlunninsaurcn cnlsprcdicn (b. 
SchcB'er und Mitarbciter, 1950 ; W. I'daig and Milarbeiicr, 1952(i). 

Bei okologisclicn und physiologischcnUntcr.snchungcn an Slrept(>tnyct;(cn, wle 
wir sie in grosserem Rahtncn durchfahren, stiissi num bci der Klassill/iening and 
Bestiinmnng ncuer Isolierungcn iintner wider aaf Scliwicrigkeiltm. Wir Uaben nun 
versucht, niit cinein neaen Untcrsno.luingsschema, das J lafcidockcnagar als 
Standardniiharboden aul'weist, tliescr Schwicrigkeiten 1 ferr /.a wenlen (\V. biaig 
and H. J. Kat/.ner, 19,54). 7, a diesem I latcrsuchangsschema, gehi'a'cn neben 12 

verschiedenen physiogischen Rcaktionen aacli morphotogische Beobaehtungen im 
Licht - und Fdc'ktroneiuikroskop. 

Schon vor ciniger 7eit konnicn wir liudcn, dass mil dem Klcktroncnmikroskop 
Feinstrakturen an den _ bporen von Stre])t(imyc(;ten /a erkennen sind, die mit 
dem Lichtinikroskop inlblge seines vm begrenzlen Audosangs- vern.dgcns nicht za 
beobachten wareu (W. Flaig and Mitarbciter, 19.52/;). In/.wischen warden diese 
Untersachangen auT cin giosseres Material an Siilmrnen ausg/deluU and die Sporen 
von 500 Stiunmen beobachtei. Dabei gelang e.s ans bis jetzt,' folgendc verschiedenen 
Sporenformen zu finden. 

Danach unterscheiden wir Sporen rnit rauher und glatter Oberfleiihe. Je 
nach Art der Membranauswiichse handclt es sich bei den raahwandigen Sporen lim 
stachlige, haarige order warrige Formcn. Dureh vcrsehiedenc Frilparationstech- 
nik konnte gezeigt werden, dast as sich dei dicsen “Staehcln” und “Haaren" 
tatsachlich un Auswcuhse odcr Verdiekuugeu der Membran luuubdt. So waren z. 
B. auf Piiiparatcn, die von cincr Sporensuspension gewonneu waren, sehr viele 
abgebrochene und einzeln liegende “Staehcln” und “I laare ’ /.a sehen, 

t Apschrill : rraut.si hweig, liundcsalle 50. 
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Yerschiedene Sporenfonngn 



a) stachlig 

b) haarig # 

c) warzig ^ 

Abb. 1. Verschiedene Sporcnformen 


Eine Unterscheidung von rauh und 


glatt 


ist sehr leicht zu 


schwieriger wird es bei einer Unterteilung innerhalb der glattwandigen 
da hier zwischen lang-oval, rund rechteckig alle Ubergange vorkommen. 


erkennen, 

Gruppen, 



Abb. 2. Stachlige Sporen 

Die'stachligen Formen waren am auffallendsten (Abb. 2). Aber auch hier 
l-dnnen die Stacheln verschieden lang sein. Siamme mit blaugrauem Luftmycel 
aTnaferflock-Agar, die also Strept,. viridochromogenes, nahestehen, bes.tzen 
stets Sporen mit kurzeren Stacheln. Anders dagegen verhaiten sich ernige Siamme 
aus der Strept-albus-Serie, deren Sporen lanere, schmale Stacheln besitzep, 
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Ansscrdern karm as hei dicKcn SlilrnnuMi vorkointnrai, class auf Nalirho lca miit 
Nitratslickstofrdio Slacdicdhildmi,!.!^ scdir isl odea* anf’.h cnat/ fVhlru kajui, 

Etwas ilhidiches lilsst sicdi bai dan .sc)/j;‘en.uint(ai haariv;a.n Sporcai brobacdUcai, 
wobca die ILiare vielicichl nur als (dne^ bescaulcaT. cliiniH' Abarl clca* Stiicdicdii /ai 
bezcichnen sirub . 



Abb, 3. rCaarige Sporen 


Diesc; haangcti Sporon (Abb. :i.) trclcn nur (b^i <niK-r Jdciurn (Jrupixi von 
Streptomycetcn.Stiimmcn rmt wni.ssgrunctn LiifinuTcl iiuC, din uncli [divsiolojdacii 
din gleichen Rnaktionnn anfvveisnn, I'iir <lic wir abnr nnnh kciiu'ii d(!(ini(Vu*n 
Vergleichsstarn gnfiindcn habnn. Kinn Mittnlslcllung nnlunnn Slilininn mit griinem 
Luftmyoel ein, die wahrsdndnlich znr viridi.s-( irnppn gnlibrnn. bid dmnn .slachlbn; 
and haarige gporen wrkoniincn. Anch sogenannin "warzign’’ Spore, dci dniinn 
die MembranjAuswiichse in From voii liutdanauKU-r VVarznn auftreUni bnsU/xn 
nur wenige Stamtne rail dunkelgraunin lailtniyctd nnd gnlbgriitunn Figninnt 

Weitaus die Mchrzahl aller iinicrschlen Siilmnu; haitcn glaKc lan-mvale 
Sporen, z. B. Strepi griscus, coclicolor und vide andern, Anch 'die atiloren die 
schon frilher Strcplomyceten-Sporen mit dein Elektronenmikroskoi) beolrachtel 
hatten (A. E. Kriss und Mitarbciter, 1944, F. Carvajal, l!)4(i, 1917, (J Hringmann 
1951} zeigen in ihren Arbeiten nur solche glulten. lang-ovalnn Formen Die 
sogenannten runden und rechteckignn Six.ren, die sich, wi(^ .schon gesagt nur 
schwer klar von den lang-ovalen diHerenzicren la.ssnn, tmien anch witafer nur 
bei wenigen SUmmen auf Zu der (Jruppe mil: runden Sporen gnhdn neben 
Strept. albidoflavus etne Reihc gleicliartiger Siamnin, din .sieh dumb ein gclb 
graues Luftmycel auf Flaferflockcn-Agar und be.sonders (lurch din-Biklung ehu's 
blauen Prgmentes auf Kartolfelschciben auszeichnen. Anch dun-nchtnc.kiimh Sporen 
Sind nur tiir enuge wcnige Gruppen von Siamnicn charaktcristisch. ’ 
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Bei alien hier beschriebenen Sporen handelt es sich um Sporen endogeneh 
Ursprunges, die vom Liuflmytel prapariert sind. Eingehende Beobachtufigen iiber 
die Sporenbildung, deren einzehlne Phasen im Elektronenmikroskop' ebenfalls gut 
erkennbar sind, sind von E. Kiister (1953) und W. Flaig und Mitarbeiter.(l 954/55) 
beschrieben worden. 

Auf Grund unserer Beobachtungen halten wir die Sporenform der Streptomyce- 
ten fiir ein weiteres Gharakterisierungsmerkmal dieser Arten, das zusammen mit den 
iiblichen physiologischen Merkraalen eine Einteilung und Bestimmung der Strep- 
tompceten erleichtertjsWesentlich ist es, die Praparation der Sporen nach dem 
Wachstum auf demsfelben Nahrboden durchzufuhren. Wir wandten dalaei Hafer- 
flockenagar an und erhielten dabei die oben beschriebenen Ergebnisse. Bei einem 
Vergleich mit Sporen- von Khrtoffelagar, wie ihn E. Baldacci und Mitarbelfer (1954) 
als Standard-Nahrboden fiir Streptomyceten anwendet, konnten - wir eine voile 
iibereinstimmung mit Haferflockenagar feststellen (E. Kiister und A. Greinj 1954/55). 
Danach traten also nach Wachstum auf diesen beiden Nahrboden keine derartigen 
Unterschiede in Bezug auf die Sporenform auf, wie wir sie bei einem Wechsel von 
Haferflockenagar und Nitrat-Agar gefunden flatten. 
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SECTION-6 

TRACE ELEMENTS, IN SOIL' 

■ iilELIMINARY Sli^UDI-KS ON ov 

■DELHI SOILS ■ ; - '' . : ■ 

. ■ ’ ' . ^ "w , 

C. DAKSHTNAMURTI, K. V. S. SATYANARAYANA and BALjIT SINOII 
Indian Agricultural lUsearcIi InsiUuk, Mew Delhi • 

(Received on 25 tb October^ H)r)4) 

■IN'I’RODUCTION 

The geoclu'.nucal factors couirolling the distribnilon ol' eleinenls iti ro(‘ks ixml 
rock minerals have beeh elucidated l.)y Cioklschinidt.'^' (#oldschrnidt’s work 
revealed that ionic charge, ' si/, e and jxdari/aition arc respousibbt for the. modes 
of distribution of the elements in rocks and minerals at the lime of ihcir separa- 
tion from the magmas. In addition there are, also geological and ptUrogtaunie 
factors which control micro-element distribution in rocks. In soil genesis, the 
parent materials are weathered and transformed into soils by tin*: associated 
lactors climate, vegetation, topography and tim(‘. The nucro-(dcmcnts primarily 
present in the parent niatcrials tmdergo a licw cycle dnt‘ to the bi(dogical factors 
operative within the soil mass. 'The distribution of micro-elcnn(nds, manganese, 
boron, zinc and copper in some Indian soils havt^ l)cen reported l>y earlier 
workers, (Hoon and Dhawah, . 1943 ; Ramamoorthy and Viswanath, 194(5 ; 
Sastry; and Viswanath, 194(5 ; Dhawan and Dhand, 1950 ; Biswas, 1951 ; 
Bendale el al, 1951). 

' /Ihe parexit materials <)f arc the locuil rocks and alluvium of 

riverain and ae.olian origin. Tlic rocks in l)<4hi represent but a seatu^red and 
improperly developed phase of the Delhi system and eousist of dark grey, compact 
(piartzitcs, with incrustations oi yellow nietallic ’|)yrlt(a Heroiv^ identihed in 
thin sections small amounts of silUmanite tn addition to comparatively large 
quantities of magnetite. . The pegmatites, occurring within Delhi area, are 
coarse, incoherent and loose and contain chiefly quartz, feldspar, minor amounts 
of biotite and small amounts of tourmaline. Occasionally a light violet coloured 
clay is^ usually associated with pegmatites and is pi'obaI)ly derived from the 
alteration of feldspars and mica to some extent. 

^ In order to understand the micro -element status of Delhi soils, their possiI)le 
ongm and distribution in different layers of a prohhg a ]>rcliminary study of 
undisturbed soil profiles and parent materials was undertaken and the results 
are discussed. 

experimental 

Soil samples were collected on profile basis from two uncultivated sites on 
the table land of the Delhi ridges lying north and south of 1. A. R. L Estate. 
Samples of weathered and apparently unweathered rock were collected. Profile I 
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of calcium carbonate in the lower layers 
. nd the mternal drainage appeared somewhat restricted. Profile II (nonh) 

drahilge"!" calcium carbonate accumulation and had a good internal 

A-i/fi /i''' were analysed by adopting standard methods of analysis. 

“anganese.and cobalt were determined ehemicallv. 
Manganese was estimated by the method proposed by Willard and' Greathouse « 
^mc and cojiper by Holme s method,® cobalt by the nitroso-R-salt method and 
olybdenum by the thiocyanate stannous chloride method (Sandell).® I 

RESULTS 


m 


Physicd and chemical ccmposition of soils.— Tht data on the mechanical com. 
position, pH and heavy minerals in fine sand fraction is given in table L 

TABLE I 


Mechanical Composition of soils 


Profile No. and 

pH 

Coarse 

Fine 

Silt 

Clay 

Heavy minerals 

depth in inches 

T 


sand% 

sand% 

% 

% 

in fine sand % 

0— 3 

7-3 

12-6 

60-0 

15-5 

9*7 

3-40 

3— 8 , 

7-4 

12-9 . 

57-0 

16-6 

.12-6 

3-28 

8—14 

7-7 

13-6 

. 53-5 

17-0 

14-8 

2'46 

14—23 

• 7-4 

1T7 

5T4 . 

17-2 

,17-8 

2-51 ■ 

' 23—29 

7-3 . 1 

10-2 

5T5 

18-7 

18-0 

2-40 

29—37 

7-8 ■ 

10'6 

49-5 

22-D 

' 16-3 ' 

1 -76 ■ 

, 37-45 

7-8 

, 29-5 

38-7 

18-3 . 

12-0 . 

1-41 

11 







0— 3 

7-0 

13-4 

62-1 

15-2 

7-6 

■ 5-03 

3--24 , 

7-5 

15-4 

52-2 

19-1 . 

l|.-4 

3-20 

24-36 ! 

: ,7-.L:„ 

27-3 

39-2 ' 

17-8 

:i&?7.- 

2-35 . 

36-42 

7-5 

80-2 

1-3 

12-6 

2-5 

0-14. = ' ' 


In both the profiles the pH values ‘are between 7 0 and 7-8. In profile I 
(south) the coarse sand is nearly constant, except in the lowest depth, but 
fine sand content decreases with the depth of the profile, with a parallel 
increase in the silt and clay , contents. Possibly the increase in silt and clay 
content with the depth of thb', profile is partly due: to secondary weathering 
of fine sand and partly due to translocation of the" fine fractions. The 
heavy mineral content also shows a graduaT decrease with depth, In profile 
II (north) coarse sand increases while fine sand and heavy mineral contents 
,ck(|rease, with depth. Th.e -layer shows a slight atjcunaulation of . silt and 

cloy.-, .. A .comparison of jl^e^ tyrp-pro|i,|^ ^shows ' that with^^b# ; i.nerease.^^^^,\^ water 

regiih^;,yYiJ;hin the solupa^ ,ware,9£,s4|t,an^ clay ,is'%eing;foErfi.ed:..- v^^ 

‘ Tiision analysis. ol’Tthe-soilsds.gly-endn.table lL ::- 
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'I’ABLE TT 


(jlK'inical analysis nl soils 


Profile No* and 
depth in inches 

SiC).j 

1 %(\ 

Alf), 

C.iO 

Mg( ) 

P,(), 

KjO 

I 

0— 3 

80 61 

3-.50 

9-98 

1-10 

0-92 

0-051 

0-31 


3- 8 

80-94 

3-89 

9-53 

1-10 

1-38 

0-033 

0-30 


8-14 

77-63 

4-18 

1 1 -.39 

1-08 

T33 

0-035 

0-29 


14-23 

78-70 

4-87 

10-49 

1*19 

1-29 

0-O37 

0-29 


23-^29 

80-76 

4-29 

9-25 

1 *2,5 

1 -44 

0-040 

0-32 


29-37 

80-41 

4-50 

1 1 -39 

1-51 

1 -86 

0-03t! 

0-30 

IT 

37—45 

82-30 

5-04 

8-82 

1-.50 

1 ■<)() 

0-043 

0-29 

0— 3 

83-10 

2-59 

9-96 

1 •24' 

0-87 

0-084 

0-30 


3— 2-1 

85-11 

2-12 

9-()2 

1-18 

0-92 

0-063 

0-20 


24—36 

88-57 

1-87 

8-14 

1-10 

0-97 

0-050 

0-26 


36—42 

95-19 

0-93 

1-87 

0-64 

0-71 

0-0'l0 

0 09 


In profile I (south) the silica content is more or less constant in all the 
layers. The other constituents except potash show a niarkcd tendency to 
increase with depth. Iron appears to he more tnolnlc and the maximum content 
is noticed in the last lavcr. A similar trend is also noticeahlc in the case of 
lime and magnesium. Possibly in the lowest depth, ])art of iron, lime and mag- 
hesium arc in free forms i.e., not in the .silicate eoinplex. Profile 11 (north) is 
more siliceous and silica content increa.scs vvidi depth. Iron and (he other consti- 
tuents decrease with the depth of the [irofile. Thy are. however, much in 
excess over the respective values of tlie constituents present in the weathered 
layer (36"— 42"). 

Minernlogoical composition of clays and sands . — 'Die clays were separated from the 
soils and analysed. 1 he derived ratios and cation e.xchange capacities arc given 
in table III. 


TABLE III 
Clay Constants 


Depth 

0—3" 

3-8" 

14-2.3" 

2<)-.-37" 

37—45 

8102 / 1^303 

2-41 

2-55 

2-42 

2*45 

2 37 

SiOa/AlaOa 

3-14 

3-37 

3-11 

3*55 

3-14 

Cation exch* 
capacity m. e’*% 

46-0 

48-0 

45-0 

45*5 

48-0 


he clays contained P8 to 2‘5% ipagnesium oxide and 2 to 3% potash The 
derived ratios and the cation exchange capacities show that the clay’s are of the 

same nature, composed mainly of illite and lesser amounts of montmorillonite. 
hi TV composition of the heavy minerals in fine sands is given in 
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TABLE IV 
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The minerals rnagnclitc, mica, tourmaline, /icon and rutile ant common in 
soils and weathered material. The minerals hornblende, pyroextut,^ aiigite, kyanite, 
sillirnanitc, zoisite and garnet are present only in tlie soils and no( in (he weathered 
zone. Considerable amount of horrd)lend(! is prestmt in both the soils. Angitc; 
and pyroxene aia; present prominently in itrofde I. 

Miico-olcmanCs iri soih.— 'i'h',': microodements imingamtse, /.ine, copper, cobalt 
and molybdenum increase with depth in profile I (table V) ami tlu'y .seem to 
concentrate in the zone 23" — 37" which is also tint ease witli <day and silt 
{Cf. table I). • 

TABLE V 


Micro-element status of Soils (p. p. m.) 


Profile No. and 
depth in inches 

Manganese 

Zinc 

Copper 

Cobalt 

Molybdenum 

I 

0— 3 

■'H)4-l 

IIM 

1.3-4 

6-9 

0-9 

3— 8 

4041i 

12-i 

13-6 

7-9 

0-9 

8—14 

4l6-(i 

12-1 

bl-2 

8-9 

1-2 

14—23 

469 •« 

l(i’3 

20-9 

lO-O 

1-5 

23—29 

.527-1 

26-6 

21-7 

UM 

1-5 

29—37 ! 

53B-7 

25-6 

21-0 

12-1 

0-9 

37—4.5 

496-6 

18-7 

20-4 

11 -5 

' 0-7 

11 






0- 3 

430-4 

20-3 

18-4 

9-9 

' 1-5 

3—24 

396-0 

18-3 

19-0 

9-3 

1-5 

24—36 

315-0 

14-2 

16-7 

8-9 

1-7 

36—42 

94-1 

4-0 

8-1 

4-6 

2-6 

In profile II there is a 

clear tendency 

for the 

in icro-elcrnra is to decrease 


with depth. However, the variation of the micro-elements in the two j)rofiles i.s 
somewhat similar to the elements iron, calcium and inagne.shim. 

DISCUSSION 

A knowledge of the micro-element status of the .soil is us impot.ant as the 
location of the seat of these elements for the full ap])rceiaiioit of the potential 
value of a soil. The micro-element contents of difTereut minerals dilTer and even 
in the same mineral the amount of any particular eh-ment present depends upon 
their fractional crystallisation from the magarns. It is often suggested that a 
relationship exists between the minerals in the line sand fractions and the rnicro- 
element.§tatus of the soils. ’ ®. 

The two profiles studied in the pre.sent investigation .show similarities in 
their physical, chemical and mineralogical properties btit the constituents includ- 
ing the micro-elements tend to accumulate in the lower layers of profile I and in 
the top layers profile II. Attention has already been drawn to tlie tnmds of 
accumulation of the micro- elements and the major eleraents iron, inagnesiiim 
and calcium between 14— 45" in profile I and 0— H" in jirolile 11. This i.s in 
accordance with the well-known geochemical association of magiu;sium, iron, 
cobalt, zinc and manganese especially in iron-magnesium silicates and iron oxide 
minerals. 
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The percentage values (Table VI) ' of 'magnetite, hornblende, zircon and 
tourmaline on soil basis show that the total heavy mineral , content as well as 
magnetite anid hornblende decrease with the depth of the profile.' ' 


. :TABLE VI ^ ... ■ .■ 

. • iiij. ' Percentage of minerals present in soil 


Profile No. kiid Total heavies 
depth in inches in soils 

Magnetite 

tiornblende 

Zircoii 

Tourmaline 

I. 

0- 3 

3-40 

■■ ''t-. li'i,)' li- •’ 

1-02 

0-92 

0-34 

0-24 

3— '3 

3-28 ‘ 

I -31 

1-01 

■Q-lOi 

0-13 

8—14 

2-46 

0-79 

0'76 

0-12 ^ 

0-25 

14—23 

2-51 

0-83 

,,0-75 

0-33 

0-24 . 

23—29 

2 -40 

0-72 

0'82 

' ■'0-24 

" 0-14 

.29—37,, 

1.76 

. 0-56 

. ,0-62 

; , '0i,l ,.i 

. 0-14 

37—48 

1-41 

0-56 

; 0-25 

oVi6';': 

iv" 0-13 

II. . .7 , 






0— 3 

5-03 

1-56 

1-51 

0-30 ' 

0-20 

3-24 

3-20 

0-96 

. ■0-48 

■ ■ 0-35 

. 1 , 0 16 

24—36 

2-35 

0-94 

0 28 

0-09 

0-05 

36—42 

0-14 

0-07 

— 

0-003 

0-06 

On the other hand, relatively hard minerals tourmaline and 

zircon, thou.a:h 

they are irregular 

in distribution, increase 

or decrease 

more or less together in the 


different layers. 

The relative status of boron estimated from the stepped spectra obtained 
by direct current are method using copper electrodes (spec-pure) agreed 
fairly closely with the tourmaline content in most of the layers of profile I. 
However, the results obtained in general do not permit such correlation between 
the mineral content and the othei micro-elements determined. Clays are known 
to contribute only small amounts of micro-elements. Further work on these lines 
with silts and sands to establish a better correlation between the micro-element 
content and minerals in soils is in progress. Estimation of the micro-element 
status of pure minerals separated from soils is also being taken up. 

SUMMARY 

A study of virgin soil profiles near about Delhi was undertaken to establish 
correlation, if any, between the micro-elements and minerals present in the soils. 
A minerological analysis of fine sands and clays was made. The available data 
do not show definite relationship between the micro-elements and the minerals 
present in fine sands. 
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influenoe of molybdenum on the growth and yield 
O'F [TRIFOilUM ALEXAKDRINUM) 

By 

N. B. DATTA BISWAS ani G. DAKSHINAMURTI 
Indian Agricultural Research Institute, Mew Delhi 

(Received on 15th October, 1954) 

INTRODUCTION 

The importance of molybdenum as an essential micro-element for the growth 
of higher plants' and micro organisms'* is well-known. The beneficial effect of 
this element particularly in combination with phosphatic fertilizers has been 
reported. The effect of boron and molybdenum fertilizers on berseem under 
field trials was studied at this Institute and a significant influence on fodder, seed 
and bhusa yields was reported.^ As berseem is an important forage crop of 'Nor- 
thern India, it is proposed to study how far the use of micro-element would benefit 
this legume in other soil types of the country. In the first instance molybdenum 
only IS applied with phosphatic fertilizers. The molybdenum status of the soils 
of our country is not known and no systematic investigation on the uptake of Mo 
by berseem seems to iiave been so far made. From this point of view it was con- 
sidered desirable in the present investigation, to study the relation between the 
uptake of Mo and the total yield of the crop. The data obtained and statistically 
analysed in the first year of our trials are recorded and discussed in relation to 
the contributions made by superphosphate and molybdenum for the growth of 
the crop. 

EXPERIMENTAL 

Berseem does not seem to be popular on black cotton soils though the soils 
are known for their inherent fertility. Black cotton soil from Nagpur was selected 
at the first instance and experiments were planned under controlled conditions of 
pot culture. Side by side, experiments with Delhi soil under similar treatments 
were also carried out. The black cotton soil (0--9") w'as obtained from Govern- 
ment Experimental Farm, Nagpur. The soil was from a rabi field in which wheat 
was being grown for three years without the addition of fertilizers prior to collec- 
tion of the sample. The Delhi soil was collected from Middle Block G- 4 , 
1. A. R. I. Farm, New Delhi. Earthenware pots of 30 lbs capacity were selected 
for the experiment. Soils in 28 lbs lots were weighed out, thoroughly mixed 
with fertilizers, moisture made up to one-third the saturation capacity of the soils 
and potted. There were in all, six treatments including control as follows 

( 1 ) Superphosphate (^80 lbs P 2 O 54 - 2 lbs M 0 O 3 per acre, ( 2 ) Superphos- 
phate 80 lbs PjOg per acre, (3) Superphosphate 40 lbs P 20 g -(-2 lbs M 0 O 3 
per acre, (4) Superphosphate @ 40 lbs PgOj per acre, (5) Lime @ 1 metric ton 
per acre, and ( 6 ) Control. A basal dressing of nitrogen @ 10 lbs per acre in the 
form of ammonium sulphate was given in all cases. Sowing was done on 23-1 1-53. 
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Germination was satisfactory in all ttie pots and when tlie seedlings nicely estah- 
ILshedj 12 plants were maintained per pot all throngh the <‘xperinients. There 
were live replicates for each treatment, pens v\;vrc randomised 

according to Fisher.^* Observations on agronomic dmracters of the plants 
such as height and tillering were taken at intervals. 'Flu^ crop afforded four 
cuttings^ the first one being taken after 58 da.ys from the date of sowing and the 
rest at about a month’s interval. At tins place* mention may be made that prior 
to the fourth cutting the plants in almost all the pots under different tieatments 
contacted root diseases and were insect-infested with the eonsecptence that a 
number of plants in some of the pots died vitiating the actual yield of the crop 
for the fourth cutting and therefore the yield data for the fourth cutting was 
omitted. The mechanical analysis of the soils was done by International method 
as modified by Robinson," Available K^O and were estimated by Dyer’s 

method.® Mol>bdenum was estimated by stannotischloride-thi<)c.yanat(; method,® 
The rest of the estimations were done according to Piper.*® 

H Ksui;rs 

^ The two experimental soils were analysed for inechnuical et>nstituents, major 
nutrients and molybdenum and the results are given In Ta.bles I and 11. 


'rAbblC 1 

Mechanical composition of Black Cotton Soil and Dfdhl soil 


Soil 

Moisture 

% 

IjOSs oil igni- 
tion % 

(llav 
% ’ 

Silt 

% 

Fine satu 
% 

1 Coarse 
sand % 

Black cotton soil 

im 

2-m) 

53-72 

25-in 

9-l»7 

D61 

Delhi soil 

1-38 

0,-44 

13-5(i 

B-3(i 

74-‘)2 

_ 


TABl.E II 

Chemical composition (oven-dry) of Black Cotton Soil and Delhi soil 


Soil 

pii 

Water sol 

N itrogen 


1 ICl solul)le 


A vailable 

Mo 



salts % 

% 

DaO 

% 

MgO 

% 

R.X ) 
0/ 

/(> 

% 

KjO 

% 

lbC~ 

% 

p.p.m. 

Black cotton 
soil 

7-4 

0-21 

()‘0f>4 

2-16 

1*02 

0-71 

O'Ob 

o-{)2a 

O-OOH) 

1-5 

Delhi soil 

8-4 

■()-12 

()*()6() 

0-42j 

— 

0-44 

0d)7 

O-OHlj 

1 

0-02 

i-o 


reveals that Delhi soil is a sandy loan, and t.he black 
cotton soil IS characterised by a considerably high content of c.lay (r)3-77) . From 
the chemica composition (table II), it is evident that black cotton soil has' a 

p?rd^uSlL-*avana^^^^ that the plnisphate content 

fn Delhi in black cotton soil (()-()0H)%) is much less than 

wa of ilact c«!o^°Ln 5 

ore reloXTo Table nf"” c>*tting 
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The observations on growth plant height^ and (ilh'.ring) were, recorded 
just prior to each cutting. The average number oC tillers and average height per 
plant were calculated on the basis of 12 plants per pot and five replicates under each 
treatment. It will be seen from table Ilf that in black cotton soil prior to the 
first cutting luolybdcniitn combined with phosi>liate at HO Ib.s level has signifi- 
cantly enhanced the growth of plants over all other trt'attrnmts and molybdenum 
with 40 lbs level of phosphate had siguilicautly inlltieaced the growth over the 
treatment of 40 lbs level ofPaOij, Ume and control but showed statistically eepfiva- 
lent effect to 80 lbs level of PaOn even though produced plants of numerically 
greater heights. Prior tp the second cutting molybdenum-phosphate combina- 
tions at both levels of phosphate showed significant induence enhancement) 
on growth. Prior to the third cutting molybdenum with both levels of phosphate 
had better growth than other treatments but statistical significance failed in ca.se 
of 80 lbs level of phosphate. 

In Delhi soil, however, the superiority of phosphate- molybdenum combina- 
tion over phosphate alone in promoting growth is doubtful even though some 
significance in plant heights were ob.scrved in the first two cuttings ; the effect of 
treatments was non- significant with re.spect to tillering. 

Yield data of berseern obtained in black cotton soil are given in table IV. 
The relative influence of the treatments on the growth of berseern just before the 
1st cutting may be seen in plate 1. 

Green matter yield of her.sccrn grown in black cotton soil (table IV) was 
significantly higher under the treatment of phosphatc-rnolybdemim combinations 
at 80 lbs PjOr, level in all the three cuttings and the three cuttings combined 
than under any other treatment. Phosphaxc-nmlybdmirn corriI)ination at 40 lbs 
P5O5 level had been statistically superior to 40 lbs level of phosphate alone. 
Even though this combination had given numerically superior total yield over 
that obtained with 80 lbs level of phosphate, statistical significance was lacking. 
Considering the dry weight yield, similar trend of influence of treatments was 
noticed in the first two cuttings, hut in the third catling the elFcct of phosphate- 
molybdenum combinations statistically cciualised 80 lbs Pj,0|j level bu< was signi- 
ficantly superior to other treatments including 40 lbs level" of jthosphate. When 
the total dry matter yield of the three cuttings was taken into account, numerical 
superiority of phosphate-molybdenum at 80 lbs P^O,, h'vel was observed” hut 
statistical significance lacked. 

The yield data obtained on Delhi soil is given in table V. 

In Delhi soil, lime treatment had shown a depressing effect although it was 
expected that the amendment would improve the crop growth by making more of 
molybdenum available at higher pH resulting from its incorporation. Molybde- 
num did not show significant response over phosphate alone in any of the three 
cuttings or all the cuttings combined in the soil type of Delhi. 

Average molybdenum contents of the berseern .samples of the different 
cuttings under different treatments are given in table VI. Though the yields of 
berseern were not significantly influenced by Mo treatment in Delhi soil, the 
average Mo content in the samples of the third cutting where maximum uptake 
was expected, was also estimated and the results are recorded in table VI 
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Average green and dry weight yield of berseem per pot raised in black cotton 
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t ABLE VI 

Molybdenum content in p.p.m. D. M. of berseem raised in black cotton soil 
and Delhi soil under different treatments 



Black cotton soil 


Delhi soil 


Cutting 


Cutting 

Treatment 

First 

Second 

Third 

Third 

Supherphosphate @ 80 lbs P2O5 per acre 

0*3 

0.4 

0-3 

0*4 

Superphosphate @ 80 lbs P2O5 + 2 lbs 

2 1 

3*4 

90 

36*0 

MoOg/acre 





Superphosphate @ 40 lbs P2O5 per acre 

0-3 

0*3 

0-8 

1*3 

Superphosphate @ 40 lbs P2O5 4- 2 lbs 

2*3 

2*9 

9-6 

26*4 

MoOg/acre 





Lime @ 1 metric ton/acre 

0*3 

— 

0-2 

— 

Control 

0*5 

0*9 

1-0 

0*2 

From the above table it would be 

seen that 

the Mo uptake 

by berseem 


under the treatment of the element (Mo) was higher than the untreated ones. 
The Mo content of the plants not treated with the element varied from 0*3 to 
TO p.p. m. and of the treated plants from 2*1 to 9*6 p.p.m. in black cotton mil. 

DISCUSSION 

The yield of berseem on the black cotton soil is highly significant in all the 
treatments with the phosphate fertilizer applied. At 40 lbs level of P2O5 added, 
the yield was four times over the control while at 80 lbs level, the yield increased 
by eight folds. With the addition of Mo, the average increase in yield at 40 lbs 
level of PgOg was about 100 % while at 80 lbs level the increase was only about 
33 ; Though the effect of Mo can thus be separated from that of the phosphate 

added;, increasing doses of phosphate do not seem to allow the full display of the 
effect of Mo. Irrespective of the level of phosphate added. Mo seems to accelerate 
the growth of berseem more in the earlier cuttings than in the later ones. This 
is evident from the fact that at 40 lbs level the ratio of the yield of berseem with 
and without Mo in the first three cuttings worked out as 4*1, 3*9 and T7 respec- 
tively while at 80 lbs level the values were 2'4, T8 and T2. 

Delhi soil, on the other hand, does not seem to respond to the Mo treatment. 
Even the phosphate that is applied to this soil did not give significant increase 
in yields ; a higher dosage on the contrary showed a decreasing tendency in the 
yields. The enormous response in black cotton soil and the very poor display in 
the Delhi soil indicated by superphosphate applied is perhaps diie to the differ- 
ences in the available phosphate contents, the former having 1/iOth the phosphate 
content available in the latter. As the Mo contents of both the soils are nearly 
of the same order the non-significance of the yields obtained in Delhi soil with the 
Mo treatment is presumbly due to the saturation level of phosphorus available 
in it. 


Though - feeding experiments should indicate the exact limits of toxicity 
of molybdenum present in feeds under Indian conditions it has been reported 
that molybdenum above 20 p.p. m. D. M., in animal feeds in toxic depending on 
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the copper content of tli(^ Addition of fcrtilij^er alone tlionidt ittcreased 

the yield of berseetn grown in black cotton .soil did not enhance tlie intahe of 
molybdenum. Under ])hospha,t(Mnolybdeniiin combinations, however, tlm uptake 
o molybdenum was considerably increased even in the first mttting of the berseem. 
With subsequent cutting Mo content thoiigh further imiaaised showing a maximum 
of9*()p.p. m in the third cutting Wiis well witliin (he toxic limit. A similar 
cutting of berseem (3rd cutting) grown In Delhi soil where Mo had not shown 
significant response, had a higher content of Mo ; the maximum value of 3() p.p. m. 
recorded being much above the toxic limit, Tt tints a,ppe,rs that black cartton soil 
has a great tolerance for molybdenum fertilisers wltile its application is perhaps 
unnecessary on Delhi soil. The higher content of molybdenum in berseem grown 
in Delhi soil compared to that grown on black cotton soil may partly lie due to 
the difference in their pH values. It may also be jiossible that the high clay content 
and organic complex ])resent in black cotton soil would reduce tire availability of 
of molybdenum to the plant due to fixation. 

A knowledge of the optimum dosages of Imth superphosphate and moly- 
bdenum required by berseem grown in Irhu'k cotton soils, keeping in view the yitdds 
and the economic factors is desirable. I'urtlua*, the effects of molvtidenum as 
separated from those ofphosjiliorus can only be studied in a s<ul where both tlmse 
fertilizers respond. As black cotton soil provhles these eomlitions further studies 
with these objectives in view are in progress, 

.SUMMARY 

Influence of molybdenum when added along with .^iquerphosphate on tlm 
growth and yield of berseem raisedin pots in Delhi soil and black vnlUm soil 
(from Nagpur) was studied. Both superphosphate itrul ruolyhdentun gave sigtti- 
fieant yields when used on Irlack cotton s(ul ant! tlie efrccl of inolylrcleiutut trver 
that of the superphosphate could be separated. At 40 ll)S level of fielded the 
yield was four times over the control while at ftO lbs level the yield increased by 
eight folds. With the addition of 2 lbs MoO^i per acre the average increase in 
yield at 40 lbs level • as 100 X while at 80 lbs levcd the increase was only 33 %. 
The maximum molybdenum content in the berseem grown on this soil under 
molybdenum treatment was 94) p,p,m. I). M., well witliin the toxic limit while 
the value ranged between 0*3 to I'O p.p. m in the untreated ones. On Delhi soil, 
berseem did not significantly respond either to the superplmsphate or tin* molybde- 
num added. On the other hand the maximum molybdemmu content ol' ber.$eem 
grown witli the mixed fertilizers was about 3b p.p. lu, D. M, much above the toxic 
limit. The response and uptake of molybdenum hy bm\s(ami were discussed in 
relation to the fertility status of the soils. 

The authors desire to express their thanks to Dr. S. P. Raychaudhuri, Head 
of the Division of Soil Science and Agricultural Chemistry for his interest in the 
progress of this investigation. They are grateful to Dr. R. J. Kalantkar, Director 
of Agriculture, Madhya Pradesh, for kindly supplying the black cotton soil and for 
his helpful discussions. They also acknowledge with thanks the help received 
from Dr. P. N. Saxena, in the statistical analysis and Shri R, K. Chatterjec in 
the estimaiion of molybdenum in berseem samples. 
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Relative influence of phosphate and molybdenum treatments on the growth of berseem in blac» 
cotton soil about two months after sowing. 

A. Control B. 40 lbs P2O5 C. 80 lbs PoOr 

L. Lime E. 40 lbs P2O5+2 lbs M0O3 F. 80 lbs P2O5+2 lbs M0O3 
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INTRODUCrriON 

In a, previous pot culture expeninuuu wc^ tamlied llie dlcrt of tltr addition 
of copper salt to the soil, in presence and al>senec' of acbled organic maimre, on 
the yield of wheat crop. We fotiml that tltc inctaa'ise in <a'op due to additi(ni of 
copper salt was while the eojrd)itiatioti of or, ipinie manure and copjier 

salt gave an increase of llB*3% the inereast* in <'rup dtn* to tin' addition of 
organic manure singly being only over the controh Ih'otti tlie analysis 

of variance of the data of crop yields it was evident that l)oth the main ede(Us 
attributable to copper saU and to organic*, ntaunre*, as W(*ll as, tin* interaction 
between the two fertili/ers were statistically significant. 

In a scccmd ])()t culture cxperiniient of a factorial design, wc* studied tint 
maiin effects of and interactions with regard to other two nuciH)nut rients a?:;.* zinc 
and boron. In this experiment we observed iliat the interactions btuwreai m'ganic 
manure and the two micronulrieuts wen* also siatistit'ally ^ignili(*anl , and simlu- 
taneous addition ot organic manure anti th<^ rnicronutnt'nts was inoie henelicial 
to crop than the addition of the ((jrtilizt'rs singly. In was (‘m ther noted that 
simultaneous addition of tin; two micromilricmts to the s<nl was v(*ry much 
harmful to the plants and resulmd in (h^cnaising (he crop yi«*ld. I’his m;gativ(; 
interaction between the two micronntrients was found ;dso t<j In; statistically 
significant. 

I he addition of the inicronntrienls used in the al)ove expt;rimi<*nts pr()ba])ly 
affects the growth of plants in different wa.ys dc|)ending upon a numbt;r of factors 
such as the presence or absence in the soil, not only of tin; added micronutrient, 
but also of other micronntrients, ])rescnce of a suffhaent amount of organic 
matter in the soil, as well as the actual iTcpuremcnt of the cro]) (or the micro- 
nutrient under trial. Ill view of (he (dlects of' uderactions both jirositive and 
negative between the f(uailix(n;s on th(M;ro])s (>l)s<:rved ill the results of the twm 
pot culture experiments, dcscrilicd abova;, it was projioscd to carry out a ficdd 

factorial design with (he four micronntrients, 
Cu, Zn, Mn, and B, ])o(h in the jircseiux; and absence ol’ergamic; manure, along 
with all possible permutations and eoinliinations of tlie fivc‘ fa,ciors for a, study 
of the main or average effects of the live factors and of (lu; various possible 
interactions among these five factors. 
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Modern researches in biochemistry have definitely shown that some of the 
micronntrients, if not all, are essential for the formation of organic complexes 
such as plant enzymes and thereby they not only effect oxidation reaction 
processes of plant growth but possibly they also help in increasing the plant 
hormones, which ultimately result in giving better yields of crop or eradicating 
any symptoms of diseases in plants, originating from non-availability of these 
micronutrients, to the plants from the soil. Since these micronutrients are thus 
found to take an effective part in the metabolic processes in plants, it would be 
more appropriate to consider them together and investigate their effects on plant 
growth when all of them are added together to the soil or in combination with 
one another and also study their separate individual effects when each of the 
micronutrient is applied to the soil singly by itself. Such an investigation as 
proposed by us will show us not only the effects of the interactions of the different 
micronutrients in plant growth and as a consequence on crop yields, but also 
their individual main effects and naturally the investigation will have a greater 
practical value than merely a study of the effects of each one of the micronutrients 
added singly to the soil. 

EXPERIMENTAL 

^ A uniform level piece of land from the field at Taloda in west Khandesh 
district was selected for the experiment. The experimental area of 20 yds 
breadth and 400 yds length, was divided into three rows or blocks. The three 
blocks lay side by side with a distance of two feet separating them from one 
another. Each block was divided into 48 plots and each plot measure 6 yds 
in length and 3 yds in breadth. The distance between the two plots in each 
one of the blocks was two feet. The size of the experimental unit plot was 18 sq 
yds only. This miniature size employed in the present experiment was specially 
suitable for the micronutrient fertilizers, since a very small quantity of them 
was required to be uniformly distributed in the soil of the experimental plot. 
The effect of intermixing of treatments at the boundary portions could be 
eliminated by cutting out separately the plants grown in the strips of two feet 
width separating the plots receiving different treatments. The assignment of 
plots for different treatments in each of the blocks was made by randomisation. 
The yield of crop in the 18 sq yds of each plot could fairly represent the effect 
due to the treatments given to the plot. 

The single treatments that we tried were (1) No treatment as control 
designated as 0, (2) Organic man ure--(< 2 ) Oil free groundnut cake being used on 
the basis of 100 lb N per acre, (3) Copper was used in two dosages at two levels, 
the small dose bi being 28 lb copper sulphate per acre, and the large dose 
bg being 56 lb copper sulphate per acre, (4) Zinc— was added as zinc sulphate at 
the rate of 28 lb per acre. Manganese — (^) was added as manganese sulphate at 
the rate of 14 lb per acre, and Boron — (/) was added as boric acid, also at 28 lb 
per acre. The quantities of the different micronutrients used were chosen arbitra- 
rily. The total number of treatments with the five factors, one of them being 
used at two levels, was, therefore 48. 

The different treatments were given to the plots four days before the actual 
sowing of the Jowar seeds. The same quantity of seed by w^eight was sown in 
each of the plots in the three blocks. The crop was allowed to grow to the 
full and was harvested. The yield of grain Jowar obtained from the different 
plots were weighed and noted and the weights are given in table No. 1 given at 
the end. During the conduct of the experiment crop in nine plots in all, from 
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the three blndss, was clama,ojccl. cattle and iloodin.it in rains and reliable 

date ol actual yields from theses [dots w<'r<‘ not a,vaila,bl(\ Idgures Ibr lbcs<^ nim^ 
plots W(n*e ihtnadbnMiblaitKal by the standa,rd statistical te('.Inii<im* for niissini^ 
values, and these hav(^ Ix'eu substitiiKid as is nonnallv dom^ in smdi (Oises in 
table No. 1, for the respective (O'op vi<dds. llu) substitnKal fiijjiircs arc* marked 
in heavy types in tlie labh^. 


DISCUSS! ttN 

The data of crop yields was statistically analyse<l and it wa.s found that 
value for treatment variance as well as for block variance is sit^nilicant at 1 % 
level. The analysis of variance is given in table No. 2 For comparison of the 
several treatments, S. E., and C. D. at 5 % level wen^ calculated. The values 
obtained are S. E.=:0‘697, G. D.=: 1-961, 


It may be seen from an examination of the mean crop yields that out of 
th^ SIX single fertilizer treatments, two, mz., orgatne rmuntre (a)^ aiul copper 
sulphate in the larger dose (h ) have increased tln^ yield ai)])reciablNa d'he foIloW" 
mg 11 treatments hav(^ given signifieantly luglier yi(dds Ihaai tln^ control : 
alxj, ab2def, ab2df. ai),def, ad<g al),, ab.d', ad, a, atg I)2ef. d'his nnauxs that orgaaiie 
manure alone and in the nine different coml)imUions is significaantly benendal 

the significance (>f (he av(*rage or main response to 
the five factors and their interactions, the sum of s(jnares for treatment variance 
was further analysed and the results are given in ta,bh* No. Ib where fignnas 
marked with single astcu'isks indicate significaanat a( 5% level while doid)le 
asterisks indicate significance at 1% level. 


A full discussion of all the results of statistical analysis ol)ta ined in this 
experiment is beyond the scope of this paper, nor is it cxfxutted to intena^st tlie 
average general reader or students of practical agricultma^ It is, therefore, 
proposed to limit ourselves to a statement of the general indiemions and coid 
elusions arrived at by statistical analysis. 

of variance it may be ol)S(^rvMl tha,t the main or average 
fpntnr^ manure is very verv large an'llxonhieial for cro)). An important 

of these results is that the main e(le<a of only one. — (hi — of the four 
favourable for (he crop and is .s(a(istirallv highly 
^gmheant. Even though tlie mam ellect of each of tlie other ihrei; microm.trients 
hefw^^n harmlul, but statistically not .significant, (he inicraetions 

e^ffecK ' r. "^ 5? added together are gcner;dly found to mitigate their harmful 
ewe -Wn^ J statistically highly significant. In this 

fS m ''if '''t<'ractions between ihe fertilizers arc 

- leads to the conclusion that the 

absence nf according to the presence and 

absence of the other fertilizer factors under study. 


GENERAL CONCLUSIONS 

manure, as well as of Cuonthe/w 
nfnfn/ ^ttitistically highly significant, while the average ‘cfl'ect 

significant micronutricms-Zn, Mn, and B— is seen to lie beneficial or 

viplrlc^tV absence of all the three factors — Zn, Mn, and B — gives better crop 
yields than the presence of any one, two or all the three of them. Nevertheless, 
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their presence either singly or in combination of two and two, is much worse than 
presence of all the three together. 

3. It may be observed that Gu plays a peculiar part in mitigating the 
harmful effects of Zn, Mn, and B. 

4. Boron has adverse effect with organic manure. This adverse effect 
operates and is marked when any of the other three micronutrients is absent. 

5. Manganese is found to counteract the beneficial effect of Cu. This 
adverse effect of Mn, is operative only in presence of organic manure and in the 
absence of Zn. 

TABLE 1 

Yield of Jowar grain in pounds per plot 
Yield of grain in lb per plot 


Treatments 

Block I 

Block II 

Block III 

Total 

Mean 

1. 

0 

4-5 

3-0 

3-0 

10-5 

3-5 

2. 

a 

8-0 

4-5 

6-0 

18-5 

6-16 

3. 

bx 

4-5 

3-5 

2-0 

100 

3-33 

4. 

b2 

6-0 

6-0 

40 

16-0 

5-33 

5. 

d 

4-0 

1-5 

2‘0 

7-5 

2-5 

6. 

e 

3-0 

3-0 

2-0 

8-0 

2-66 

7. 

f 

4-0 

4-0 

2-0 

10-0 

3-33 

8. 

abx 

7-5 

7-0 

7-0 

21-5 

7-17 

9. 

ab2 

9'0 

10-0 

12-0 

3T0 

10-33 

10. 

ad 

7-0 

61 

6-0 

19-1 

6-37 

11. 

ac 

4-0 

6-0 

8-0 

18-0 

6-0 

12. 

af 

3-0 

3-0 

26 

8-6 

2-87 

13. 

bid 

2-0 

1-5 

1-5 

5-0 

1-66 

14. 

bje 

3-0 

3-0 

5-0 

11-0 

3-66 

15. 

bif 

4-5 

1-5 

1-5 

7-5 

2-5 

16. 

bad 

33 

2-0 

3-0 

8-3 

2-76 

17. 

bgC 

3-0 

3-0 

1-5 

7-5 

2-5 

18. 

baf 

5-0 

4-0 

41 

13-1 

4-36 

19. 

de 

4-0 

3-0 

2-0 

9-0 

3-0 

20. 

df 

3-0 

4-5 

4-0 

11-5 

3-83 

21. 

ef 

1-5 

2-0 

1-0 

4-5 

1-5 

22. 

abid 

6-0 

4-0 

3-0 

13-0 

4-33 

23. 

abjC 

5-0 

4-4 

4-5 

13-9 

4-63 
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Yi('l(l or grain i 
Block T Hlork H 


'rrcjih non is 


2'K 


4'.5 


‘if). 

al)..0 

3-0 

iho 

‘iCi. 

aivi 

4-0 

:bo 

27. 

ab.^! 

9-0 

7d) 

2«. 

ade 

7-7 

7d) 

29. 

adf 

3-0 

2-0 

30. 

aef 

4-0 

()■() 

31. 

b,de 

4-0 

2-0 

.32. 

b,<ir 

2-0 

4-0 

33. 


3'() 

1*5 

34. 

bjjdc 

4-0 

4*5 

3.3. 

b/ir 

3-0 

1'5 

30. 

b,cr 

7-5 

4*0 

37. 

def 

34) 

3*0 

33. 

a1)idc 

4'() 

7*0 

39. 

abjdr 

3-() 

1*5 

40. 

al)|er 

4'0 

1*5 

41. 

abode 

5-0 

3*0 

42. 

al),df 

a-o 

<)•() 

43. 

abuef 

3-0 

5*0 

44. 

adcf 

53 

4-5 

45. 

bided' 

3-0 

1*5 

4(i. 

l)odef 

58 

4*0 

47. 

abjdef 

9-() 

7*0 

48. 

ab.jj<ler 

ll'O 

5-0 


d’otal 

227'(i 

lOO-O 

0 : 

No trcaliuent, eontrol 


a : 

Or^^anic 

main ire 


W: 

Copper, small dose; 


ba : 

Copper, 

large dose 



(figures in heavy typc.‘ 

i repri 


11) per plol 
Block in 



4 otal 

Mean 

3-0 

J0*5 

3*5 

3-U 

0*0 


3-0 

10*0 

2r 2) 3 

•1-t) 

20*0 

f»M»0 

69 

did) 

7-2 

1-.5 

0*5 

2* id 

4 -,5 

M*5 

4-03 

1-.5 

7 “5 

2*5 

1'.5 

7*5 

2*5 

1 •() 

5*5 

1*83 

B-O 

14*5 

4*83 

1'.5 

(rO 

2*0 

.5'() 

lh-5 

fr*) 

4' 5 

!0*5 

:b5 

4 -.5 

15*5 

5*10 

14) 

irO 

2*0 

‘.’•0 

7*:i 

2 “5 

4 4) 

12*0 

4d) 

1 1 4) 

*2,B*0 

!b33 

34) 

1 hO 

3'0() 

■1 ■■5 

14*5 

4*07 

4 -.o 

0*0 

:bo 

04) 

15 *11 

5*20 

04) 

*22*0 

7*33 

7. ,5 

23 ^5 

7*83 

189 1 

()0fr7 

4 1 


(1 : /.luc 

i : i^uron 


the. valursi 


TABLI-: 


Analysis of Variatua* 


So'urcc of variation 

D.F. 

S.S. 

M.I). 

Between trcairneaits 

47 

,5HO-'>.5 

12 '4 700 

Between Blocks 

p 

20' 12 

lO'OiiOO 

Error 

85 

123'89 

1-457.5 

'I’otal 

134 

73{)'2b 





1 


WUi 1 



TABLE 3 


Analysis of Variance 

(for detecting significance or response of different factors 
and their interactions) 


Source of variation 

D.F. 

s.s. 

M.S. 

F 

A 

1 

140-6200 

140-6200 

96-48** 

B 

2 

51-4926 

25-7463 

17-66** 

1) 

1 

0-0850 

0-0850 

0-0583 

E 

1 

0-0010 

0-0010 

0-0007 

F 

1 

5-1000 

5-1000 

3-4990 

AB 

2 

0-1595 

0-7970 

0-0540 

AD 

1 

0-9852 

0-0852 

0-0580 

AE 

1 

1-2292 

1-2292 

0-8430 

AF 

1 

7-2451 

7-2451 

4-9709* 

BD 

2 

2-8185 

1 -4092 

0-9660 

Bl') 

2 

1 1 -8783 

5-9391 

4-074* 

BF 

2 

40-7002 

20-3531 

1 3 -96** 

Dl'i 

I 

66-8315 

66-8315 

45-85** 

DF 

1 

30-5258 

30-5258 

20-94** 

Ivf' 

1 

10-7265 

10-7265 

7-359** 

ABD 

2 

1 -8894 

0-9424 

0-6460 

ABE 

2 

46-1918 

23-0959 

15-8-46** 

ABl'' 

2 

27-6133 

13-8066 

9-472** 

ADE 

1 

5-7991 

5-7991 

3-978* 

ADF 

1 

10 7654 

10-7654 

7-386* 

A El' 

1 

5-1747 

5-1747 

3-5500 

BDE 

2 

14-4752 

7-2367 

4 - 965 ** 

BDF 

2 

11-7153 

5-8576 

4-018* 

BEF 

2 

1-7371 

0-8685 

0-5950 

DEF 

1 

2-3757 

2-3757 

1-6290 

ABDE 

2 

8-0411 

4-0205 

2-7580 

ABDF 

2 

45-4562 

22-7218 

15-593** 

ABEF 

2 

14-1539 

7-0819 

4-858** 

ADEF 

1 

0-3318 

0-3318 

0-2270 

BDEF 

2 

17-3872 

8-6936 

5-964** 

A15Dl-;i'’ 

2 

3-6400 

1 -8200 

1 -2480 

f/rror 

85 

123-8900 

1 -4575 

• •• 
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STUDY OF MANGANl'iSF iN SOU. l>R()l<']lJiS 

By 

T. D. HIS WAS 

Division of Soil Science and Agricultural Ckemistty, Indian Agricullmal Research 
Inslilute^ New Delhi, 

Communicated by Prof. N. R. Dhar 
{Received on 15th November , 1954) 

Along with the rapid progress in the domain of tracoelemcnts in relation to 
the nutrition of plants and animals, chemistry of these elements is also aisnrning 
greater importance and receiving more attention. This is tnorc so with nianganese, 
an iinportant member of this group of trace-elerncntls. dinee L(a‘p(u\ (1947) 
pointed out the intimate aHSocia.tion of ttianganese in S(nl willi (lie soil forming 
processes, the study of manganese in soil profiles is receiving gnmter attention. 
In a previous cornmtnuealion (Biswas, 1953), some profiles of typical Indian soils 
were studied for the distri])Utiou of dilferent forms o( mangaiu'se. In tlmt study 
only one profile represented a locality or station, d’he presem inee.stigation was 
taken up and made a more detailed one by seltauing a few proliles from a parti- 
cular area representing a well-known g^’oup of soils of India 

MATERIALS AMI) MEIUOUS 

The materials for this study consisted of few ])roriIes from bla.('k (U)tton soil 
zone in Jubbulpore, M, P. ; calcareous alluvial soil of the Botani('al Sulnslation, 
Pusa, Bihar, alluvial soil of Bhadruk Military Ibuan, laieknow ; d(\sert or semi-arid 
soil of the farm area of the Indian Agricultural Rcst^areh Instittite, New Dcdlii. 
The characteristics of Pusa soils are discussed by Desai and Sen (1953). Soil 
profiles from jubbulpore were collected by Dr. R. V. Mkunhamg Soil Survey 
Officer of this Institute whereas the others were eolhuMed f)y tint untmbers (d‘ the 
stalf of this division from time to time. 

Total manganese in soil was determined 1)v tint mciliod of fusion witli potas- 
sium bisulphale (Wright, 1939) and for other f<>nns <)r nuuiganese, the ineiluHl 
of Leeper as modified by Sherman, McHargue <UKi ITodgkiss, (19*1’2) was followed. 
In all subsequent stages, manganese was estimated by the well-known ptu iodate 
method in sulphuric acid or phosphoric acid medium. The data on CaCXLj 

and mechanical analysis are taken from published or tin]>ul)Ushed data of this 
division, 

RESULTS AND DISCUSSION 

Data on different forms of manganese (water solulile, exeh*ing(*al)le, and 
active, and total) in different horizons of the profiles arc pr(!8(mt<td separately in 
groups of soils and are discussed. Active manganese numtioned here, is the sum 
of water soluble, exchangeable, and rcdticible mangaues<u 

Black soil pro fdes from. Jubbulpore. — As is well-known, thes(‘ soils are characte- 
rised by their high clay content. The clay con t<mt on the av(‘rage is about 40% 
and content of clay combined with silt constitutes about 00% in majority of soils, 
Data on these profiles are given in table 1. 
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0 — 7 Black, clay 6-6 1-44 43-5 64-9 0-7 6-0 457-6 464-3 1320-0 0-35 

7 ,.41 ' „ 7-9 1-63 46-2 66-3 0-5 11-3 492-8 504-6 1210-0 0-42 

41—51 Black and brown 7-2 2-02 42-2 62-2 0-9 8 5 588 8 398-2 1210-0 0-49- 

51—74 Reddish brown 6-7 2-59 30-9 51-8 1-4 2-6 717-6 721-6 1155-0 0-63. 



All the horizons of the profiles are characterised by high content of total 
and active forms of manganese, but, comparatively lower content of water soluble 
and exchangeable forms of rnagnanese. The surface foil in the profile 1 has got 
the highest content of total rnagnanese (15-40 p, p. m.) and then, there is gradual 
decrease in the content of this constituent downwards. In other profiles also, 
gradual decrease in the content of total manganese with depth is observed. This 
supports the previous observation (Biswas, 1953), where It was observed that in 
black soil profile the usual pattern of distribution of total manganese is either 
uniform or decease with depth. The reason or rather the factor responsible for 
such distribution may be the clayey texture of the soil in all the horizons and 
absence of leaching due to their being located in an area having low rainfall. 
Soil reaction in most of the cases is alkaline. These are the conditions which are 
not at all conducive to the mobilisation of manganese. 

Except in profiles I and V, nature of distribution of active manganese 
follows the same order as that of the total manganese, i. e,. slight decrease with 
depth. In both these profiles, there is accumulation at lower'depth. The reac- 
tion of most of the horizons in the.se is on the acidic side whereas in other cases 
it is on the alkaline side. Low content of calcium carbonate and low pH are 
mainly responsible for such type of distribution i, e., the factors account for 
accumulation. 


Exchangeable manganese also has highest concentration in the surfac’C and 
then gradual decrease with depth ; but, accumulation in the sub-soil is found in 
sub-soil in profiles I and V. The arguments put forward in tln^ case of active 
manganese may also be applied in these cases also. Studace acciiniulation of 
exchangeable manganese was also observed in the previous investigation (Biswas, 


Calcareous wil profiles from Pusa.— Soils of this place are characterised I)y their 

high content of calcium carbonate (about 40%) and silty loam texture. These 
profiles differ markedly from the black soil profiles in the content of both total 
and active manganese. Content of total manganese varies from 300 to 400 
p. p. m. and that of active manganese varies from 17 to 111 n. p m The distri- 
bution of total manganese is practically uniform whereas that of active manganese 
IS rather irregular. 1 hough the locality is situated in a moderately high rainfall 
area, action of leaching IS balanced or opposed by higher content of calcium 
carbonate. It was observed previously (Biswas, 1 Of, I j that inerease in calcium 

carbonate IS associated with decrease 111 active manganese probably bv the shift 

of the equilibrium, as postulated by Sherman and Harmer (1942) towards' the 
right 1 . u., lormation of inactive oxide of manganese. It is further observed that 
active manganese is higher in the uncultivated area as compared to the cultivated 
ones and this is expected though total manganese is practically similar in both 

Profiles ofi alluvial soil from Bhadruk, Lucknoiv. —Tlw. soils in most of tlu- 
horizons have neutral to slightly alkaline reaction, conte.U of oaleiiun earbona e 
IS low. 1 he soils are loamy m texture. The locations from which the , rofiles 
were collected represented three areas ; the nlots tr,.;,,., 

and under grass. One interesting observation is made' in tlu^distriluullm ^>1™ 
and active manganese in profile 1. Both these consiiouMO^ .‘"‘"loO; <>1 total 

deptl,, bu, « a‘dep.h of ft .o 59 

be mentioned that the location Irom which the profile was collected was under 
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table No. 2 

Distribution of manganese in the soil profiles of Pusa, Bihar 
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Distribution of Manganese in the soil profiles of Bhadruk Farm, Lucknow 
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irrigation. It is well-known that water-logging makes manganese more labile. 
Naturally, under the influence of irrigation water, a portion of manganese 
changes into a more labile form (manganous) and travels downwards the profile. 
Below this zone of accumulation, a zone of accumulation of black concretions is 
observed. This confirms the previous observation that a zone of accumulation of 
active manganese is often associated with a zone of accumulation of lime concre- 
tions below (Leeper, 1946 ; Biswas, 1953). That the irrigation water helps in the 
soil has also been mentioned by earlier workers. 

Accumulation to a certain extent is observed in other profiles also, but is not 
SO well-marked. There is accumulation of active manganese at a depth of 10 to 
21 inches in profile IV. Another interesting point to be noted is that there is 
always surface accumulation of exchangeable manganese. This is well-marked and 
these there is gradual decrease with depth. This is in keeping with earlier obser- 
vation. The usual form of distribution of total manganese is accumulation at 
certain depth and then decrease whereas active manganese is observed to have accu- 
mulation in two profiles and in other two profiles, the distribution is not regular. 

Profiles of semi-arid or desert soil from Delhi , — The profiles are from the cultivat- ‘ 
ed area of the I. A. R, I. farm. The soils have slightly alkaline reaction and sandy 
texture. There is a decrease in the content of total manganese at certain depth 
and then increase. The type of distribution of active form is practically uniform 
throughout the profile and this is expected, from provious experience, to be due 
to lack of leaching, being situated in a drier region. The ratio of active to total 
manganese is more or less 0'30 and this is also an indication of lack of movement 
of labile form of manganese and considerably high level of active manganese as, 
compared to Pusa profiles. 

An interesting observation is made if the distribution of total or active man- 
ganese in the different horizons of profiles is considered in relation to the content 
of clay or clay plus silt. Some positive and lenear correlation is found between 
the content of total or active manganese with the content of clay or clay in the 
horizons of the profiles. In Pusa profiles, correlation between total manganese 
and clay is positive and the same is the case with clay plus silt. In all the pro- 
files, active manganese increase or decrease with increase or decrease in the clay 
content and also with clay plus silt, exception being found in two cases only. In 
the case of profiles from Bhadruk farm, no such correlation is observed except in 
first two profiles. In the profiles of soil from Delhi, positive correlation is found 
between content of total manganese and clay or clay plus silt along the depth of 
the profiles. Active manganese is positively correlated with the the content of 
clay or clay plus silt in the different horizons of the profiles. In profile I of the 
Jubbulpore group, total or active manganese decreases or increases with the 
increase or decrease of that of the clay. But in other ones the correlation is not 
regular. 

This may be concluded broadly that both total and active manganese in the 
horizons of the profiles vary, in general, with the content of clay or clay plus silt. 
This type of observation was also made by Hoon and Dhawan, (1943). 

SUMMARY 

Some typical profiles from representative of several group of Indian soils, 
such as alluvial, black, calcareous and semi- arid, were studied for their distribu- 
tion of different forms of manganese. Wide variation is observed in the content 
of manganese in the profiles of different soil groups. The nature of distribution of 
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Distribution of Manganese in the soil, profiles from Delhi 
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total and active manganese is found to be influenced by the action of leaching and 
to vary directly with the content of clay or clay plus silt in the different horizons 
of the profiles. Available manganese is found to be influenced by soil reaction and 
content of calcium carbonate. Exchangeable manganese has surface accumula- 
tion and then decrease with depth. 
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USE OE MICROrNUJl’RIEN'rS AS FER/rTLIZRRS 

Ih 

N. V. jOSHl am! S. (i jOSHI 

Maharashtra Association for the enUituUion of Science^ Poona 
Coiimninicated by Prof. N, R. Dhar 
(Received on iAth October, 1954) 

The recent discoveries about the importance of small amounts ol’ copper, 
zinc, boron and manganese in the physiology of higher plants liavc added interest 
to the studies on the role of these elements in a numbt^r of soil plant ])roblerfts. 
These elements or micronutrients are now recognized to be essential plant nut- 
rients and a shortage of one or more of these is known to adversedy alfcct the 
metal)olism and growth of plants. Severe instilHciency of a. micromtt ritmt in the 
soil often gives rise to a disease of plants grown in it showing symptoms 
which are typical of the particular dediciettcy. However, where several cldi- 
ciencies exist together the symptoms xnay be oontplicated, ami tlmreforc dillh 
cult to distinguish them as those of any known deliciency of a parlictdar trace 
element. Further it has been noted by previotts inv(\siiga(ions that sometimes, 
plants suffering from a delicicncy of nucronutriemts may not sltow atty symptoms 
of the deficiency at all, except that their growth is stunted or that th<‘y display 
the symptoms only for a short period in the growing season. It luis also been 
observed that on many soils plants suffer frotn a delicicncy of a mmd)er of micro- 
nutrients simultaneously, though they may only sltow symptoms of ottts or even 
of none of them. Micronutrient deficiencies are also often ktiowtt to occur in 
soils which contain adequate quantities of the micromilrietit, but in a form 
unavailable to the plant. It may, therefore, be rtsalised that the <lelici(UK:y or 
requirements of soils for the different microiailrients for a normal and vigorous 
growth of plant cannot be easily determined. In these eircutnstances enqiirical 
trials wherein these elements are used as supplementary fiu tilizers will liclp a. 
great deal in knowing the microtmtrients requirement of soils, Sucli experiments 
in foreign countries with micronutrient fertilizers have sltown that large acreages 
of cultivated land in different parts of I’hiropc, Australia, IJ,S A, are deficient 
in one or the other of micronutrient. So far as we know, llntre has not been any 
definite knowledge of the deficiency of micronutrients In large tracts of the 
cultivated soils of India. Daji‘ observed that the catise of the ‘^baiKT’ disease of 
arecapalm is manganese toxicity. We'*^ have, however, shown that application 
of copper sulphate or zinc sulphate separately to the soil, leads to an improve- 
ment and cure of the diseased areca palms. Basu and Regtr* have attalysed the 
highly eroded soils of the Bombay State for their content of B, Zn and Mn and 
have studied the responses of crops to the application of tlicse micrountrients to 
the soil. In conclusion these authors hav(^ observed that ‘fiti the scarcity zones 
of the Bombay State, advantage of incrciasing the food crops 1)y the a,i)p]i<:alion 
of secondary elements (or micronutrients;, can be (uisily taken iq>.” 

The piesent paper gives data of onr ])ot onUur<!: experiments and field trials 
wherein we have used copper, zinc and l)oron as fertilizers in some poor soils of 
the Maharashtra and Konkan regions of tlie Bombay State. 
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EXPERIMENTAL AND DISCUSSION OF RESULTS 

In the pot culture experiment, a large quantity of soil from the surface 9" 
layer from the poor crop yielding field was collected. The different treat- 
ments given to the soil filled in pots were (1) control, (2) copper, (3) organic 
manure, (4) copper plus phosphate manure, (5) phosphate and (6) copper plus 
organic manure. 

Copper was supplied at the rate of 5 milligrams Cu, per hundred grams 
of air-dry soil. The copper salt used in the present experiment was cupric oxide 
(GuO). Organic manure was added in the form of oil-free groundnut cake, oa 
the basis of 15 milligrams nitrogen per hundred grams air-dry soil. Calcium 
monophosphate was used at the rate of 30 milligrams P2O5 per hundred grams 
air- dry soil. 

The results of crop yields obtained with the different treatments are given 
in the table 1. 


TABLE No. 1 

Yield of wheat plants in grams per pot with different treatments of soil 


Pot Treatment 

No. 



Control 

'^"^Cu 

Org. M 

P 

P-pCu 

O.M-hCu 


(gms) 

(gms) 

(gms) 

(gms) 

(gms) 

(gms) 

1 

8-35 

8-18 

7-88 

12-48 

8-30 

15-84 

2 

5-57 

8-65 

7-75 

10-61 

8-48 

13-70 

3 

4-20 

7-85 

7-60 

11-31 

10-36 

13-30 

4 

6-75 

9-13 

7-45 

10-45 

90-80 

11-50 

Total 

24-87 

33-81 

30-68 

44-85 

36-22 

54-34 

% Increase of 






crop over 
control 

35-8 

23-30 

80-00 

45-60 

118-34 


It is seen from figures of crop yields with different treatments that copper 
alone has given an increase of 35-8 % over the control ; phosphate treatment has 
80 increase but the addition of organic manure alone has resulted 
hr an increase of only 23 3 % over the control. The yield of crop with the 
treatment (O M-l-Cu) is the highest among the yrelds obtarned wrth the drficrent 
treatments of the soil and it is 118.3% more than the yield from the control or 
untreated pots. 

The data ofyields were statistically analysed. “F” for treatment variance 
was found to be significant at zero percent level. 

'l ire sum of squares for “between treatments"’ was further split into compo- 
imnts for detecting the .significance of response to the different main factors and 
their interaction. In the table 2 responses have been so tested for their 
significance. 
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TAIVLF. 2 


Analysis of varianc<‘ 

for niali» rcsp<itis('s 

and intnraot ioiifi 


Sourest of 

variation DJA 

S.S. 

M.S. 

f' 

Main response to O.M. i 

■K5-:5(i21> 

•i:i-:ui22 


o o Cu 1 

:ir)'73()r> 



o O . P 1 

:ii-a:i2() 

:)i-;i;i2() 

22 ' 57 * * 

Interaction of P and Clu 1 

19-2941 

19-2941 


,, ,, O.Kl and Cu 1 

!3-r)!2'l' 

I3-!Vl2t' 


Withiu treatments 18 

2r)-()5i:i 

1-:!917 

... 


i;hc results unalyniH show ilxiii the luaiu resi^oUNrs to 

all tlie three (aeten'S ornatuc matter, copper ;uul phn.sphate air iughly mgnifieaut. 
Similarly it: cart he se<*u that the iul(’ra<-tion between copper ami uri..rAtHv mauma^ 
is highly siguiheanl imlieuling thereby that the eombiuetl eireei ol eop|)er ami 
organic manure ackhal togcuher to the soil is ipeater tiuui tlie .sum of tin* elfeets 
on the yield of crop obtained ]>y the separate atltiition to the soil of each <jf these 
two fertilizers, eopp<u‘ and orga,uie manure* A liighly signiliiamt inteisuuion 
is also evidetit when eoptier and phoHi>hat(' are athleil together to the soil, btit in 
this ease the tipjilleation of the two tmumves to|p'ther is not fonml to be iavonr- 
able for the. crop yield, (lopper appears to partially eonnteraet the benelietai 
clfect of phosi>hate axlditiott on the crop resnlling in a lesser yiehl <d” eroj) with 
the simultatieous addition of (a>pper tind phosplmte than vvliat is obtained with 
the addition of phosplmte alone. 

In the held cx|)eriiueuts (‘arrled out nnder onr sn|)(U‘vision in some enltiva* 
lors^ litdds, eopptu’ sulpliate was usctl as a snpplenumtary I'ertili/.er for patldy taagr 
Following r(‘.suits wore (d.)taiued : - 


d’ABl Js :> 

Yield of paddy grain in Bengali mannds 
per acre 

'rreatment of \‘ichl in inaniuls 


Place 

District 

s<aid-l)cd 

( lonirol 

( lo|>per 
sul])hate 

im'rfstsc' 

% 

Alibag 

Kolaba 

Kabbcd 

i9-7ri 

27*0 


M'nrdi 

Raimigiri 

Rabbtal 

12-00 

22*0 

8!2!5 

Palghar 

I'haua 

Matiurcd with 20*80 

:;i*o 

fgyo 


eake and sniHU'- 
])hospluite 
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In another pot culture experiment of a factorial design, we tried the applica- 
tion of the following different trace elements for the soil filled in pots. The 
treatments were as follows : — 

(1) Control, no treatment, 

(2) Organic manure, 

(3) Boric acid, 

(4) Zinc sulphate, 

(5) Organic manure plus boric acid, 

(6) Organic manure plus zinc sulphate, 

(7) Boric acid plus zinc sulphate and 

(8) Organic manure plus boric acid plus zinc sulphate. 

Wheat was grown in pot\ The dose of the micronutrients added to the 
soil in pots was 5 mgm, of the element per 100 gms air-dry soil. Oil free ground- 
nut cake was used as the organic manure on the basis of 15 mgm per 100 gms 
soil. The results of crop yields are given in the table below : — 

TABLE 4 

Yield of wheat plants (grain straw) in pots receiving 
different treatments 

Pot Treatments 


No. 

Con- 

trol 

Org. 

M 

B 

Zn 

Org. M 

-1-B 

B+ 

Zn 

Org. M Org.M+B 
+Zn +Zn 

1. 

6-5 

9-7 

8-3 

7-7 

11-3 

6-0 

10*1 

11-5 

2. 

7-0 

10-3 

9-6 

8-7 

14-7 

6-7 

13*5 

13-0 

3. 

7-3 

9-3 

8-8 

7-9 

12-0 

5-7 

11*0 

12-3 

4. 

7-7 

10-5 

8-4 

8-0 

14-1 

6-2 

12*3 

11-2 

5. 

7-5 

8-7 

8-5 

6-8 

13-3 

5-9 

11*2 

10 5 

6 . 

7-9 

8-r) 

8-3 

6-0 

10-6 

5-2 

10*5 

9 '4 

Total 

43-9 

57-3 

51-9 

45-1 

76-0 

35-7 

68*6 

67-9 

Grain 

27-4 

38-0 

330 

28-1 

53-2 

22-5 

46-S 

43i 

Straw 

16-5 

19-3 

18-9 

17-0 

22-8 

13-2 

21*8 

24-8 

% increase 
over control 

32-0 

18-0 

2-7 

73 0 

19-0 

56*0 

54-0 


It may be observed from the results in the table given above, that the 
increase in crop due to the addition of zinc salt, alone to the soil was only 2*7 
% while that due to boric acid alone was 18 %. The increase due to the addi- 
tion of organic manure was 32 % over the control. The combination of zinc 
sale and organic manure gave an increase of nearly 56 % oyer the control, 
while boric acid and organic manure when added together gave an increase 
of 73%. The combination of zinc sulphate and boric acid, however, decreased 
the yield by about 19 % below the control. 
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Statistical analysis of th(Mlata sliowcd tliat for treat in<ait variance, is 

significant at on(‘. i)cr cent leveK Analysis of va.ria,n<a‘ far signidcajua! of nia.in 
respc>iis(^s of individtial factors and tlndr ini(‘ractions, reva^aled that tln^ nuiin 
response, due to organic manure is highly signifnaint while lh(‘ main responses due 
to boron and the three interaetions h(avve<m (1) orga.nie manuta^ a.ud zinc, 
(2) organic mmnre and boron, and (h) zint' ainl l)oron; a.r(‘ ;dl stalisticaJly 
significant. 

SUMMARY AND <K)NaLlhSI()N 

(1) Application of coi)per salt alone or in coml)ination with orgaaiie manure 
to the soils in Maharashtra and Konkan regions of the BomViay Statt* givc's a signi- 
ficantly large increase in the crop, from the soils studied hy us, 

(2) Application of boric acid alou(‘ gives a significant inenatsc in crop. 

(3) Addition of zinc sulphate alone to the soils in Mahara,sl\tra and Konkan 
regions is not found to Ixi beneficial, 

(fi) Application of nfu'rountritmts <a>p|>(n', '/ine or boron in the (onu of 
tlielr salts to the soil singly, without the addition of organic maamre is not so miu^h 
beneficia.l for crop as the simnltam'ous addition of the mieromitrient and the 
organic manure. 

(5) The two factor interaiUions hetwtam mieromitrient as one part and 
organic manure as tlie other, arc found to he statistically signifiea,nt , 

(f)) Tlie main eHects of the micronutrients (hi and boron singly aia^ found 
to be significant while that of zinc singly is not signifiiamt. 

(7) Form these results it may l)c safely oonehuh'd that mi('romii rienis should 
be generally applied along with organic manures. 

(B) Combinations of two mierf^nutrients Zn and B is ('omul to harmful for 
plants, so also simultaneous addition of eo])per salt ami ])hospha.te, 

(9) These results indicate that liefore combining llu^ nutrients into a fertilizer 
mixture for application to any soil, ilu'* different possiliiUtii^s about the nature of 
interactions between the coustitmmts requires tt) lu* thoronglily investigated. 
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EFFECT OF TRACE ELEMENTS ON NITROGEN FIXATION 

By 

N. R. DHAR WPRITAM SINGH 
Sheila Dhar Institute of Soil Science^ University of Allahabad 

(Received on 24th November, 1954) 

Of late it has been suggested that besides curing deficiency diseases, manuring 
by small amounts of trace elements increases crop yield. Babier and Chabannes^ 
have been able to show that tomatoes in culture solution show increased vegetative 
growth at boron levels beyond those necessary to prevent deficiency symptoms. 
Similarly substantial increase in dry bean yields were obtained recently by 
fertilizing with zinc sulphate, even when zinc deficiency symptoms were not 
apparent on unfertilized plants.^ 

Their exact role in increasing crop production is not very well understood. 
The fact that they are effective in small amounts has led many scientist to believe 
that micronutrients act as catalysts, but their functions are not known. Briggs^ has 
suggested that boron is necessary for the proper utilisation of nitrogen by plants 
and that nitrogen absorption decreases with increasing boron deficiency. Boron, 
molybdemim and vanadium are considered essential for the development of 
legume nodules It appears that these trace-elements may be connected with the 

nitrogen economy of soils. So the present studies were undertaken to find out their 
effecr on nitrogen fixation obtained by adding lucerne to soils. Their effects on 
carbon transformations and Azotobacter population have also been studied. 


EXPERIMENTAL 

Two hundred grams of soil were taken in shallow enamelled dishes of 9'' 
diam(der. The soil was previously well powdered and passed through a 80 mesh 
sieve. 0*5% carbon in the form of well powdered, air dried, whole lucerne plant 
was added Molybdenum, vanadium, boron and zinc were added in doses of 
0'()f)5% and 0*01% as sodium molybdate, vanadium pentoxide, borax and zinc 
chloride respectively. These dishes were exposed to the light of a 500 watt 
electric bulb, kept at a distance of two feet from the dishes. Another similar set, 
covered with a thick black cloth was keot besides the exposed dishes. The mois- 
ture was kept at 20% throughout. The material in the dishes was stirred with a 
glass rod on alternate days to help aeration and oxidation. Two san^les were 
Uikcu out, one after three months and the other after six months. They were 
oven-dried and analysed for total carbon and total nitrogen. Total carbon was 
estimated by Robinson, Maclean and William’s method^ and total nitrogen by 
salicylic acid reduction method.® Azotobacter colonies were grown on Beijermck s 
medium : — 


Chemical analysis of the soil used in these experiments. 

% 

Carbon = 0-4021 Magnesium oxide = 

Nitrogen = 0-0398 Calcium oxide = 

Loss on ignition =3-4 Potassium oxide = 

HCl insoluble =80-2 Phosphoric acid = 

Sesciuioxides =11'2 1 % citric acid — 

Iron oxides = 4-3 soluble phosphate 

Total carbonates = 

pH (1:25 soil water ratio) = 


% 

1-1420 

0-9834 

0-7496 

0-0745 

0- 0293 

1- 24 
7-6 
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Chemical analysis of lucerne plant .■ 


% 

>■( 



( la.rl)«»n 

= ‘I2'(i(; 

< Jal(‘ium (»xidr 

= 1-1,800 


Ni<rog(ni 

2-09 

dotal VJ), 

0-.|I: 

51 ! 


Scs(iuioxid(^s 

= (i-ao 

Potassitnn oxide.*- 

: = 3--1200 


Moislun^ 

= lo-do 

( 1:N rail*'- 

20-12 



Ash 

= lo-'l!) 






d’ABU*: I (^0 

Exposed 



200 gnis of soil ■ j • 0*5 

% Carl>on as Inrerne + 9*005 % Mo 


Time of 



Axotdhaetf 

exposure Total carbon 

'rotal 

(hirbon Tncreast' 

in lillieiiaiev 

millions 

in days 

"-f, 

nitrogen % oxidi/x'cl % nitrogen 

% 

pf'*r gni 

0 

0'!)01 1 

O-Od'lO 



2'i) 

90 

0-71(>2 

()■07;i:i 

0-18-10 0-0003 

.5(12 


lao 

0'(iri:io 

^•07^)7 

0-248! 0-0117 

17-1 

!hl 




'I'AHl.K 1 (h) 

(Inverrd 


0 


0-(ld42 



2*9 

90 

0-73H4 

o-diiad 

0-|d20 O-OO-i-l 


ino 


0-(l(i!)l 

0-20(.8 t)-0052 


V*2 


liOO gniH of soil 1 0‘| 

5''{, Carbon as hn-rnu- | 

9‘{H% Mri 





'i’AIH.K 11 (a) 

ICk} Mixed 


0 

()-;)()24 

o*()d4r> 



2*9 

90 

o-7i()y 

04l74;i 

0-101.5 0-0008 

5v\l 

180 

OMi'ia'-i 

04)772 

t»-2.542 0-0127 

49*9 

9*4 




'I'AHLK 11 (/,) 

< 5»vei r< t 


0 

()’9()()2 

()-()d3f) 



2*9 

90 

0-732() 

0-0887 

0-ld8;> 0-0052 

:h) 9 

180 


o-odoa 

0-2118 0-00d3 

:’9-7 

14*1 


2(10 gins of of soil | OTiJ^ Cliirlion as luerrne 

1 94H)r) % \* 





TAULK 111 («) 

IxHposed 


0 

O'fXKK) 

0-0d31 


2*9 

f)0 

oTiay 

0-0714 

0-1801 0-0()83 

*!te0 

180 

oxifxia 

0-0740 

0-2-132 0-0100 

44'H 

128 




4'ABLK III (/,) 

(lovered 


0 

o-no()6 

o-onaa 



2*0 

90 

()-7405 

0-0680 

0-IdOl 0-0042 

2h*2 

180 

0-f)<)82 

0-0688 

0-202‘l 0-0050 

:m--7 

12*1* 


200 grns of soil | ()*, 

5% Carbon as lucerne 

1 d'Ol %v 





TABl.T rv {>,) 

I'kpnsed 


0 

()'9()()9 

0-0637 



2*9 

90 

0-7 13a 

0-0728 

0-1871 0-o'()0l 

*1-8 't; 

180 

oxiribi 

0-0754 

0-2407 0-0117 

4ti‘8 

9*2 


f <^<)2 I 





TABLE IV (5) 

Covered 




200 gms o 

f soil+0*5% Carbon as lucerne +0*01 /{ 

V 


Time of 





Azotobacter 

exposure 

Total carbon 

Total Carbon 

Increase in Efficiency 

in millions 

in days 

% nitrogen % oxidized % 

nitrogen y' 


per gm 

0 

0-9014 

0-0642 

... 


2-0 

90 

0-7345 

0-0687 0-1669 

0-0045 

26**90 


180 

0-6902 

0-0695 0-2112 

0-0053 

25-09 

1*3 


200 gms 

of soil 4-0-5% Carbon 

as lucerne+0*005%B 




TABLE V (a) 

Exposed 



0 

0-9025 

0-0647 


. . . 

2*0 

90 

0-7218 

0-0728 0-1807 

0-0081 

44-8 

••• 

180 

0-6571 

0-0752 0-2454 

0-0105 

42-7 

4-9 



TABLE V {b) 

Covered 



0 

0-9028 

0-0648 


. . * 

2-0 

90 

0-7645 

0-0681 0-1383 

0-0033 

23-8 

... 

IBO 

0-7111 

0-0691 0.-1917 

0 0043 

22-4 

7-8 


200 gms 

of soil +0-5% Carbon 

as lucerne+()‘01 % V 




TABLE VI (a) 

Exposed 



0 

0-9030 

0-0649 



2-0 

90 

0-7212 

0-0733 0-1818 

0-OU84 

46-2 

• r » 

180 

0-6568 

0-0759 0-2462 

0-0110 

44-6 

5*0 



TABLE VI {b} 

Covered 



0 

0-9036 

0-0650 

... 


2-0 

90 

0-7630 

0-0686 0-1406 

0-0036 

25 6 

... 

180 

0-7098 

0-0697 0-1938 

0-0047 

24-2 

7*8 


200 of soil 'i“0'5^ GsrOon 3.s lucerne -|-0 005^ Zn 


TABLE Vri (a) Exposed 


0 

0-9016 

0-0644 

... 

O-OOb 44-5 

2-0 

90 

0-7222 

0-0724 

0-1794 

4-8 

180 

0-6582 

0-0749 

0-2434 

0-0105 43-1 



TABLE VTI (b) 

Covered 


0 

0-9013 

0-0643 


0-0032 2'3-60 

2-0 

90 

0-7658 

0 0675 

0-1355 

... 

180 

0-7112 

0-0685 

0-1901 

0-0042 22-09 

7-6 


200 gms 

of soil 

0-5% Carbon as 

lucerne +0-01 % Zn 




TABLE VIII (a) 

Exposed 


0 

0-9027 

0-0646 


0-0082 45-2 

2-0 

90 

0-7216 

0-0728 

0 181 1 

4-8 

18>0 

0-6577 

0-0755 

0-2450 

0-0109 44-4 



T 

ABLE VIII {[>) 

Covered 


0 

0-9019 

U -0645 

... 

0 0033 23-9 

2-0 

90 

0-7639 

0-0678 

0-1380 

... 

180 

0-7102 

0-0685 

0-1917 

0-0040 20-8 

7-9 
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TABLE IX («' l''.xi)os(ui 

200 grns of soil -I 0*5% OarI)()U as lucoriK^ 

Time of . , , . Azotobaciei 

exposure Total carbon Total Cba-rbou Incn^ase m I'blitu<uu'y in millions 

in days % nitrogen % oxicli/AHl % nilrogem % per gm 


0 

90 

180 

()-901 1 
0-7238 
0-6584 

0-0643 

0-0718 0-1773 

0 0743 0-2427 

0-(’)075 

0-0100 

■i2 3 
41-2 



TABLE IX(/0 

Cloven red 


0 

90 

180 

0-9015 

0-7080 

0-7125 

0-0()41 

0-0673 0-1335 

0-0682 ()-1890 

0-0029 

0-0038 

2i'-'7 

20-1 


DISCUSSION 

From a careful perusal of the foregoing resabs it ai)pea,rs iluil nndylxlcuurn, 
vanadium, boron and zinc when used in (:onjuncti<m witli oripmic auUter like 
lucerne plant, help in the oxidatioti of organic matter added. With motylxlenuin 
and vanadiiim, there is appreciable iticreasc. in th(^ oxidation, Imtb in light and in 
dark, while boron and zinc increase the oxida.tion only to a slight trxlenl. Jn this 
respect boron is little superior to /.iuc— the order (d inciatast' lu tin* oxidation is 
Mo > V > B > Zn. IJigherdose o(' these traecvelements caust^s greater oxida;tion 
of the added organic matter, l)ut tlie dilfertmce in the oxidation imlut'cd Ijy tim 
two doses is slight. There is always greater oxidation in light tlutn in dark, ft 
will be interesting to record in this connection that Dhar and Palid^ also found 
increased oxidation of carbohdyrates in presema^ ol* co]g>e.r and iron ('ompounds. 

The addition of these trace-clemcnts also brings abotii an iuenmse in tiui 
efficiency of nitrogen fixation. Molybdtumm heli)S consid<*ral)ly in uitrogem fixation 
and vanadium comes next. 'Fhe order of increase in cffici(‘ney of nitrog<m fixation 
is same as that of increase in oxidation. Increasing the dose of tlie trace-<demcnt 
added, has little cllhct on nitrogen fixation, dffiis sui)})oris the txirlicu* observation 
made by various scientists that lliese trace-elements are ueedtHl only in very small 
amounts. Invariably there is greater fixation in liglit tluui in dark. 

Of all the four trace- elements studied, niolybdenum ai)pea;rs to lx*, more 
intimately connected with nitrogen content of the soil. JVtenlen’*^ drenv attention 
to the fact that in general, productive soils are found to have higlun: content of 
molybdenum than soils of low capacity for crop |)roductiou. Le('per^^ regards 
molybdenum to be essential for nitrogen fixation bolh by Az(Hol>a(aer and 
Rhizobia. Anderson and bpencer^- have observed that molybdenum incrt*ases 
both yield and nitrogen percentage in tlie case of sul)teri’an(xin clover. Datta and 
Gurubasava^^ recorded increased yield of l)ers<‘.em witli the a])plieation of moly- 
bdenum and boron. Sorteberg^^ obtained an increase': in th<^ yields of hattice 
plants when ammonium molybdate was applied as a fertilizer, similarly boron is 
also believed to increase nitrogen fixation by Azoiobaeier ehroocum. Dastut and 
Singy^ got increased cotton yields by ilic application of zinc and lioron. Zinc 
increases the yields of wheat, maize, oats, lui)in and pca. *'^ 
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These olDservations together with the author’s results suggest that these 
elements stimulate nitrogen fixation. Their exact role is not very well understood. 
They are generally believed to act as catalysts and reaction regulators and as 
such might be accelerating the nitrogen fixing process. 

These trace- elements have also been found to stimulate the growth of 
Azotobacter by the authors. In dark, with the addition of molybdenum, there is 
considerable increase in the number of Azotobacter population. Vanadium also 
appreciably helps Azotobacter growth. Their number is always greater in dark 
than in light. Boron and zinc increase the growth of Azotobacter to a slight 
extent only. Liprnan and Burgess^"^ have also recorded the stimulating effect of 
zinc on the nitrifying flora of a soil. 

Furthermore it may be concluded that these four trace-elements are not at 
all toxic to the Azotobacter population up to a dose of 0*01 % in the soil studied by 
us. On the other hand, they exert a beneficial effect on its growth when applied 
in the above dose. 


The study of the authors has clearly shown that trace-elements like moly- 
bdenum, vanadium, boron and zinc not only cure deficiency diseases as has been 
observed by others, but also help in fixing atmospheric nitrogen by adding 
organic matter to soil. Iheir use in conjunction wuth organic matter offers one 
more cheap method of improving the nitrogen content of our nitrogen deficient 
soils. 
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SECTION-7 

ACID, ALKALI AND SALINE SOIL 

RECLAMATION OF ALKALINE LANDS IN 'I'lIE CAUVliRY 
METTUR PROJECT AREA 

By 

M. SANYASI RAJU 

Retired Agricultural Chemist, Andhra Stale 

and 

T. A. GOVINDA IYER 

Assistant in Chemistry, Agricultural College and Research Institute, Coimbatore 
Communicated by Prof. N. R. Dhar 
{Received on 2(>th October, 1954) 

INTRODUCTION 

The Cauvery Mettur Project area comi)ris(^.s the 'faliiks of Patukkottui, 
Mann aragudi in the district of Tanjore. Vast areas of saline and alkaline lands 
exist in this area. They may be <;asily recognistxl by the stinted or patchy growth 
of crops or in severe cases by the complete abstmee of vcg<vtation. In the ’ summer 
monthswhitcpatchesofchloridesandsnlphal.es of sodium and in worst places 
black patches due to the presence of sodium carltouaU^ are ('omnion sights 
in these areas. Under the ordinary cultivation i)ractie.cs the yield of paddy is 
under 500 lbs per acre and in places with lh<; black alkali the e.ro]) cannot be 
established. The actual extent of such lands is not known, hut it may be 
assumed to be as high as 50,000 acres. Th<; importance, of such lands being 
brought to profitable cultivation in these days when (he rice supply position is 
short of demand can hardly be over emphasised. With a view therefore, to lintl 
out a suitable and economical method for tlu^ large scale reclamation of these 
soils an experiment was laid out at an ideal (xmtre in Se(Uhaml>alpuram village 
near Pattukottai in 1949. 

Occurrence oj the alkaline lands. — I hc C'-auvm'y hhn tur ProjetU artut is of a gently 
rolling topogaphy. The rise and fall of the landscaoe is iiuptu'ct^ptilrle in genca'al 
and tend to cause stagnation of water in low lying areas rtssulting in salt eoncenlra- 
tion. The water table has risen to within IVoin thi* surfact* after the 

introduction of irrigation. Surface drainage, is jroor and wat<u' logging oceui’s 
in the rainy months. Saline and alkaline lands occur in h)W lying areas and in 
1 Fhe most imjrortant cause lor tlie Ihrmation of 

alkaline lands in this area is therefort* is tin* lack ol ])ro])cr clrainagt* I'achlitit's and 
the consequent rise of the ground water level. 

Maleiials and methods. Ihc reelainatiou trials wcu'c conduc.ted in Scethanibal- 
puram village near Pattukkottai. Tin* site chosim wa,s dm-oid ol anv vegetation 
The pH ol the soil was above 8*5 and the total soluble s.dls for the 'loo foot 
samples did not e.xceed 0*1%. AH the essential plant food materials (N K P) in 
the available form were negligibly .small and there was a high degree of stituration 
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of the day complex with soda. These were evidently responsible for the lack of 
crop growth in the area. The analysis of irrigation water collected both from the 
canal as well as from the tank which is filled first and then used for irrigation, 
revealed that they are alkaline with a pH above 8*5. It would appear therefore, 

. that any reclamation method of these soils should achieve not only the correction 
of soil and water alkalinity but also a consistent and effecient nutrition status in 
the soil for its profitable exploitation. With these objects in view an experiment 
was laid out and carried over for three cropping seasons (1950, 1951 and 1952). 

EXPERIMENTAL DESIGN 

1 he amendments selected to study their comparative merits to achieve the 
objects cited above are : — 

(1) Gypsum in 2 dozes — 2| and ^ tons per acre. 

(2) Green leaf in 3 dozes— 2,500, 5,000 and 7,500 lbs per acre. 

(3) Lime in 1 doze — 1 ton per acre. 

(4) Molasses in 2 dozes — 2 J and 5 tons per acre. 

Twenty treatments were formed including a control in such a way that the 
effect of the various soil correctives alone and in combinations that are important, 
could be studied. The treatments are : — 

(1) Control (local practice — maximum washing) 

(2) Gypsum 2^ tons per acre 

(3) 2 plus 2500 tons green leaf per acre 

(4) 2 plus 5000 

(5) 2 plus 7500 

(6) Gypsum 5 tons per acre 

(7) 6 plus 2500 tons green leaf per acre 

(8) 6 plus 5000 

(9) 6 plus 7500 3, 

( 10) 2500 tons green leaf per acre 

(11) 5000 

(12) 7500 

(13) 10 plus 1 ton lime per acre 

(14) 11 plus 3, 

(15) 12 plus 33 

(16) 1 ton lime per acre 

(17) Molasses 2^ tons per acre . 

(18) 3, 5 3, 

(19) 17 plus 1 ton lime per acre 

(20) 18 plus 3, „ 

Thc'design adopted was the randomised block design. Four complete and 
compact blocks differing in level and alkalinity with long and narrow plots 
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similar to each other. With in a block have scha'teci and cross and rtiahi trenches 
for drainage were provided for. 'I'lie H) treatments wana' allot itnl at random 
within a block and after the application of chcnnicals 10 io 12 washings (hooding 
and draining) were given to all plots, 'fhen a uDiforni application of green 
manure at 5000 lb per acre 15 days before and ammonium Hul|)hate at 30 11) 
per acre one montli after transplanting were given to (uich plot inelnding th<^ control. 
7 he control which is the local practice consists of mere wasliing followtul l)y usual 
ryots’ method of cultivation. During the second anti tliird years the plots were 
only cultivated following the usual cultivation ])ractices. hlie SainV)a croj) with 
Co 25 paddy variety was raised all the 3 years. 

ANALYSTS 

The grain and straw yields of paddy for each year were statistically analysed 
and at the end of three years they were combined in a three way table and tlie 
main effects of the various ameliorants W(me tested. FIk^ ditlereiu'e between the 
first year’s and the third year’s yield was also worked out, whicit with llte proper 
sign represents a measure of the residual effect ])roduced by the* various ircattuents 
at the end of three years. These hgur(*s were also sul)jt‘Ctecl to statistical analysis 
with a view to pick out those treatments that liave i>roduc<al the maximum 
residual effect and that have corrected the soil alkalinity and ma,inlain<xl signifi- 
cently increasing yields. 

After the harvest everv year, first foot soil samphts wcit, collca'ted from each 
plot and analysed for pH^ total solids, degree of aikali/aition, organic matter, etc. 

DISCIUSSTON 

The problem of salinity and alkalinity has l)e<m studied in thhail by Kelly 
and his colleagues,*'* who have emphasised the value of gyt^sum treatment and 
flooding. For the removal of exchangeable sodium eomptjunds toxic to plants 
different materials have been applied to soils in America with satisfactory results. 
The application of gvpsum brings about the conversion of sodium carl>onate into 
sodium sulphate and sodium exchange cojnj>()unds into ealeium (UJtnpovmds. 
Sulphur application to soils of good lime status activates the water soluble calcium 
compounds. The oxidation product of sulphur (suphuric acid) reacts with the 
soluble carbonates and sodium exchange compotmds, iron snl|>hate attd aluminium 
are acidic in reaction as a result of the hydrolysis wheu applital to tlic soil and 
the reactions brought about are fundamentally siinilar to that of stil|)hur. Molas** 
ses as a soil corrective has also been applied for the reclamation of alkaline lands. 
The unrecoverable sugars that it contains undergo decom|)ositi{)n and tlie organic 
acids produced combine with the sodium carbonate and l)icarbonatc present 
in the soil and nutralise them. In the presence of calcium carbonate in soil, the 
organic acids combined with it and the calcium so mobilised displaces the 
sodium that has entered the clay. According to Dhar and his collaborators 
molasses is a better reclaiming agent for alkaline land than either gypsum or 
sulphur as there is nitrogen loss from soils when these latter agents are applied 
to alkaline soils while molasses adds nitrogen. The reclaiming effect is much 
quicker than that of gypsum or sulphur because the acids fortned from 
molasses nutralise the alkali quickly. 

Reclamation of alkaline lands on a field scale with the application of gypsum 
and sulphur was done by the Chemistry section of the Agricultttral College and 
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jR.esearcli Institute, Coimbatore in the Kattalai High level channel area, Trinelveli 
district. The improvement in the permeability of the soils and the reduction in pH 
was remarkable. The yield obtained during the first year was 1000 lb per acre 
and in the second year after the incorporation of a green manure crop was bOOO 
lb per acre in the gypsum treated plots and was even higher than what was 
obtained from fertile fields in the vicinity. In this area as well as in other parts 
of the presidency alkaline lands have been reclaimed by the application of liberal 
dozes of bulky organics, flooding and draining but this process is a prolonged 
one. 

As has already been stressed before the soils of the G.M.P. area are 
‘ ‘hungry in addition to other limiting factors. The soil correctives were there- 
fore chosen and the the various treatments formed to try their comparative effects 
in remedying all the defects, in the soil irrigation water consistent with their cost 
and availability. Green manure in the 3 levels will not only act^ as soil correc- 
tive but also build up soil fertility and the proper physical condition. Gypsum, 
lime and molasses are available from the adjoining districts. As the lime status 
of the top soil in these areas is poor, sulphur has been omitted and liming alone 
and in combination with the green manure and molasses are included in the 
treatments. One treatment has no chemical ameliorant and reveals the effects 
of mere washing. All the different treatments have brought down the pH of the 
soil from the original pH of 9 to between 7 and 8*5. The total solids and chlorides 
in these soils were even in the original samples far below the limit considered 
excessive and the treatments have not induced any salt accumulation. The water 
soluble carbonate has been practically removed from the soil by almost all treat- 
ments effectively. The lower pH figures for the different treatments also indicate 
the effectivenss of the different ameliorants, for successful reclamation of these 
soils. The base exchange capacity of the surface foot of soil has increased in 
all cases as judged from the samples collected after the second year from the 
orio-inal low values of the order of 3 to 8 to 5 to 1 3 M. E. with the result of a 
corresponding decrease in the degree of alkalization. The essential plant nutrients 
would appear to have been added mainly by treatments involving green leaf and 
molasses. 

Statistical analysis of the field data for all the three years, have shown that 
the treatments have produced different effects. The addition of chemicals like 
gypsum and lime as amendments in the first year have not produced any signifi- 
cantly better residual effect at the end of three years than the local practice 
which consists in mere washing followed by using 5000 lb green leaf is basal 
dressing and 30 lb N of ammonium sulphate as top dressing. Green matter 
alone in the first year at a rate of 2500 lb to 5000 lb as an amendment and then 
cultivated as usual in the first and subsecj[uent years has yielded steadily increas- 
ing <^rain and straw yields. The response curve bends quadratic sum of squares 
is significant in the case of straw and the residual effect at 7500 lb level. The 
leaf level beyond 5000 lb per acre would therefore, appear to depress the yield 
of straw. The green matter at 5000 lb ber acre not only corrects alkalinity but 
also exhibits proper residual effects with the yield remaining a linear function with 
or without the use of chemicals. The use of chemicals therefore, appears to be 
unnecessary to put the soil into profitable cultivation. 

Although the use of molasses produced maximum yield in the first year the 
residual effect was low as seen from the decreasing yields in subsequent years. 
Hence it is to be used every year in such soils to get good returns which of course 
depend on its availability and cost. 
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srrivfivfARY 


(1) 'J’he inii)Or(.aiicc of Ihc probloni of alka,lin(^ land r(‘alania,l inn in (he 
Can very Mettnr Project; an' a is strcss(^fl. 

(2) v%i incription of the held ex[)erim<’nt at Secihaanbalpurani, P<Utnkknttai 
Taluk with the jiistiricalion for the choice', of din'ere'u t soil e-orreu'l i vo's is givt'n. 

(3) A practical method of r<xlairning (h<' vast alkalin<^ lands of the 
Gauvery Mettur Project area is recommended. 
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SALINE AND ALKALI* SOILS OF INDIA 


By 

S. P. RAYGHAUDHURI and N. R. DATTA BISWAS 

Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research 

Institute^ New Delhi 

(Received on 21st October, 1954) 

Saline and alkali soil conditions reduce the value and productivity of con- 
siderable area of land in India, These soils are regarded as a class of problem, soils 
which can be found in almost all normal (zonal) soils as encroaching spot in 
relation to certain elements of topography. The introduction of irrigation throuo-h 
canal system in the arid and semi-arid regions, e,g,, the Punjab, U. P. and Bombay- 
Deccan brought about an increase in unproductive areas amounting to several 
thousand square miles due to accumulation of salts in the surface soil. The 
occurrence of these soils is quite large irrespective of meteorological influence and the 
principal areas affected are (1) throughout the Indus valley, (2) valleys and basins 
of western India, (3) the Ganges valley west of about 80^ E long., (4) the uplands of 
the Deccan Plateau especially between the Tapti, Godavari and Bhima rivers, 
(5) the saline marshes of the sea coast and of the deltas of the Ganges, Gauvery and 
Mahanadi and (6) the coastal salt flats along the Rann of Cutch. 

The problem is an old one, which drew governmental attention as early as 
1876 when a Commission known as ^"Reh Commission” was set up to investigate 
into the causes of the deterioration of the soils of the U. P. which had previously 
been fertile. Leather (1897) initiated scientific investigations on the problem, 
based on the informations submitted in the report of the Commission, and found 
that the injurious salts limiting crop growth and reducing the value of land were 
the decomposition products of igneous rocks under natural weathering process and 
were present in the soil profile itself which became evident on the surface layers 
under certain predisposing conditions like, (1) arid and semi-arid climate, (2) an 
impervious sub-soil or hard pan or (3) temporary abundance of humidity in the soil 
interspersed with dry period. He tried to assess the extent of distribution of such 
unproductive (saline and alkali) soils in the Punjab, U. P., Gujrat and Bombay- 
Deccan and included them under the common term usar. The ‘'Usar” Recla- 
mation Committee of the LI. P. reviewed the technical work done on such soils and 
reported (1940) that alkaline conditions were mainly due to the presence of sodium 
carbonate and bicarbonate (to the extent of OT to 0*4%) the exact quantity of 
which in the soil profile differed according to the nature of the soil and sub-soil 
such as kankar (GaCOg concretions) beds and high water table. The alkaline 
layer was found to extend on average to a depth of 3— 4'. The extent of distri- 
bution of saline soils in the province was also not negligible and these were charac- 
terised by presence of sodium chloride and sulphate, very little sodium carbo- 
nate or bicarbonate and ‘'open” texture and state of flocculation. The alkali soils 
of the province which showed strongly alkaline reaction were classed according to 
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the Russian system of peclological nomenclature as ^‘Solonetz/* and the saline soils 
as ‘^Soloncliaks.’* 


Studies on degenerated soils of the U. P. under a seheinc <»n soil survey and 
soil work of the State Government have made ('onsidca'able progress during the 
last few years (Agarwal and Mehrotra, 1952). I'hc usar soils are usnally dis- 
tributed in the low-lying and ill-drained a,r<%as of tlu^ Slate, ('or exam|)le in the 
district of Aligarh. All the factors which together contrihnPt to soil salinisation 
and alkalisation, e,g., arid climate, poor drainage and alkaline natnr<‘ of high 
ground waters are co-existent. In the district of Kanpur, besides a. tract similar 
to the Aligarh condition, there is another tract of nsar hind with a level topo- 
graphy which has been rendered uuculturablc due to impixled drainage as a result 
of hard clay pan in the sub-soil. Morphological studies of usar S(nl profiles 
reveal formation of hard solonetz like structure at the toj). For salinity appraisals, 
laboratory examination of profile soil samples from a large mimbtu' of usar tract 
of the State had been nude under the scheme. The salinity (alkali) status of a t)‘pi- 
cal soil profle has been given in Tabic I (Agarwal and Mehrotra, 1952). 

Some of tluu/5Y2r soils as reveahxl by analysis ( I’alde I) are found to Iia,ve 
attained nearly tht^ last stage of degradation, llu': exc'Iiange eY)iupl(*x ol' the* soil at 
the surface or at some dcptli below Iiaviug been fully saturated wiih sodium. 
The pH value »nd salt coateut are highest a,t the top drcna'isin|»; with <lepth. 'Fhe 
other soils show higli alkali status (pH 10'5 — 8*2) and have lii|*jh contimis of solu- 
ble salts (4’4 — ()'2 %) at the top. 'This shows that thtn*(‘ has beim no downward 
movement of water and the upward ris<‘ had lietm t[uit(* rapid, h’roiu texUiral 
point of view, the alkali soils at th<' lii\st and sca'ond lioii/ons are found to be 
impervious and the profiles of these soils arc gmHU'ally associa.t<‘<l with hinkar or 
definitely hard pan restricting the uiiward movement or downwanl (low of water. 
Utilization of such soil for agricultxiral pur]) 0 S(‘S is extrtmudy [)rol)lcniati<\ dlu^re 
are other milder types which arc expected to respond quickly to the corrective 
methods of reclamation. Devekqnnent of i)la.nncd systmu ol' drainag’ius consi- 
dered prereqiiisite of all reclamation projects. The suggcsttul mctliotls of rtudama- 
tion oi usar soils are,{l) mechanical -—heavy application of wa,t(u* to wash out salts, 
(2) agronomic— growth of suitable crops in rotation and (5) (dunniiYal rippUcatitiu o(’ 
chemical correctives at calculated dose of soil requircnHmi ol‘ gy])sum or calcium 
chloride or a combination of mechanical and agronomic or (duanuad and agrono- 
mic practices. A nuvre scientilic classifcation of saline and alkali soils or rr/o- 
infested lands of the province in order to prcscrila^ appro))riat(um*asurc o(‘ rmuedv 
is, however, necepary. Dhar and Mukhcrjci^ (19:U)) had beam sutaasssfid in nadainn 
ing usar soils of U.P. by application of heavy doses of mola,ss<'S (at 10 15 tons 

per acre). 


Recently, Agarwal and Yadav (1954) studied tlu; saline and alkali soils of 
the Indian Gangetic alluvium in U.P. with a view to apjnuising tlieir salinity 
status DU- a- zjw the possibility of their reclamation. 'I’hey e.K.'unined Y number of 
soil samples from profiles representing typical saline and'alkali soils of tlie Gangetic 
alluvium. Out of nine profiles studied by them six wm’c from areas that were 
not prwiously cultivated and the. other throe were from cultivated areas of the 
adjoining district where soil salinity was slowly liecoining a probh-m. The typical 
profiles from the uncultivated areas had characteristics quite dilfmcnt from one 
another particularly with respect to their internal drainage causeil Iiy (I) lieavier 
calcareous sub soil, (2) pans in sub-soil of hard indurated Gtr ( )., nodules cemented 
together (b) clay pan subsoils or (4) A;«n*«r (GaCO;, concretions) pans renderinr 
internal drainage difficult. They found these .soils to be liighly alkaline (pll <)_| 1) 
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and characterised by almost complete absence of gypsum even though zone oi" 
accumulation of stable and nodular CaCOs in the profiles was always encountered. 
Most of the profiles showed characteristics of carbonate- chloride type of saline- 
alkali soils. They opined that these soils could not be reclaimed by the mere 
process of leaching even on improving internal drainage as in absence of gypsum 
there was no readily available source of calcium compounds for exchange reactions 
in the soils themselves. Besides, for reclamation purpose, a fairly high concen- 
ti'ation of carbon dioxide need be maintained in the soil system or an acidif\ing 
amendment be used. For cultivated lands, the three profiles represented the three 
stages in internal drainage. Two of these profiles revealed the usual features of 
normal cultivated land with no salinity or alkali while the third suggested possible 
future danger from accumulation of salts, the top soil resting on sub*soil which had 
already been saline alkali or saline in nature. 

At Chakeri near Kanpur an Usar Reclamation Farm of about 60 acres has 
been started in 1951 under the U. P. Government Usar Soil Reclamation Project. 
The soils of the farm and of the surrounding areas are highly alkaline (pH — ITt), 
rich in soluble salts and are of the saline- alkali type of the second grade charac- 
terised by a hard clay pan in the sub-soil and absence of vegetation, Morpho- 
logical studies reveal presence of grey coloured top soil (sandy loam) resting on a 
hard clay pan with a good sandy soil underneath. Successful reclamation- has 
been achieved by mechanical shattering of the underlying hard clay pan supple- 
mented by leaching with sewage water. Through this operation, downward water 
movement could be established and the land could be made to part with a 
substantial portion of its salt contents. Rotational cropping with metha 
late — paddy — barley or oat further improved the soil condition. In three 
years of judicious management of these soils, the pH values could be lowered from 
11 to 9*5, salt content from 0 59 to 0*2% and significant drop in exchangeable 
sodium could be affected and the yield of paddy crops taken on the land gave 
an average of 14 mds to 27 mds per acre. This farm wouJd serve as a model for 
reclamation of soils of this type (Agarwal — private communication). 

Kallar is one of the major problems of the Punjab plains. Canal irrigation 
has resulted in a marked rise of water table owing to semi- arid conditions, the 
downward movement of salts is very much less than the upward rnovement with 
the result that the salts (chiefly sodium salts; accumulate in high concentrations 
at or near the surface. I he sodium of the salts enters the clay complex to form 
sodium clay by the displacement of calcium. Puri (1934) characterised the Punjab 
soils by the presence of sodium in the soil complex and emphasizes that replaceable 
sodium may be the limiting factor in the yield of different crops. Dalip Singh 
and Nijhawan (1932) have studied the mechanical and chemical composition of 
the Punjab soil and have shown that high proportion of divalent bases contributes 
to soil fertility and the kallar trouble is mainly due to deficiency of exchangeable 
calcium. The only method of improving these soils is either by the addition of 
Ca-salts or by making use of the reserve calcium already present in the soil. 
Reclamation has been affected by application of gypsum or calcium chloride at 
the rate of two tons per acre followed by farmyard manure. Puri, Taylor and 
Asghar (1937) consider the degree of alkalisation to be useful in classifying the 
degenerated soils of the Punjab and accordingly five distinct types have been 
classed for the purpose of reclamation and management. 

A scientific soil survey of culturable waste lands of the Karnal district, 
Punjab, based on modern genetic methods is in progress at Experimental Research 
Station, Nissang since 1951. The salt contents of these soils are high (to the 
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extent of 1%) throughout the deptli of the •j)rofilc. Thx^ accuuiulatlou at the 
surface is characterised by a higli percentage of NaaCO^, a pc‘culiar fea-ttire of 
Karnal soils. The pH values are usually high mostly al)ove lOd) indicating a 
high degree of alkalisation. Presence of in the soil is invariable although 

in some areas it is in course of formation and is related to alkalisation and buffer- 
ing of soils. These soils may be considen^d as l)lack alkali. Various reclamation 
methods have been tried on these soils. The chemical corrcuUivcs, IbjSO^ and 
gypsum have yielded good results^ but the dos(' at winch favourable; T(*spouse 
has been obtained is high and expensive. 'By a system of cropping with salt resist- 
ant plant species, some reduction in pH values of the soils as also conversion of 
Na-clay of the soil to Ca-clay which contribtUes to fertility has been tnad(‘ 
possible. The crop that has been found to be most nstTnl is 
leata). This is a quick growing plant and can stand a fairly high degree of alkali- 
nity in the soil. Its I'oots generate a considerable quantity of carbon dioxide 
which is helpful in converting sodium carbonate to bicarbonate. When the crop 
grows to a height of 4 — 5', it is ploughed in, |)referably undergromuL During 
decomposition of the green plant a considerable quantity of C( ).^ is g(uu‘.rated and 
it helps converting Na-clay into C'la-om^ Rice is another crop slxowiug similar 
ameliorative ellccls and a large area of ludrt Reclamation Farm is grmerally under 
rice. After a crop of or rice, the alkalinity becomes a bit nmsonable and 
it is possible to raise a crop of sugarcane winch birther improves tlu^ soil condition. 
Application of ammonium sulphate to rice and sugarcane further ludps in retlueing 
alkalinity. 

Saline and alkali soil conditions exist over a <'onsid(vrable jxrea of the Boiubay- 
Deccan. In the Deccan a very large area has been aJfected due to tint eonstinic- 
tion of the Deccan canals. Round tint (iulf of Oambay in ( Jujral cotistderablc 
land is affected by sea-tides carrying salt buhm silt and (hqxisitiug on the surface. 
In Surat, Broach and Ahmcdabad tlie soils under tidal iuUuemu' show high content 
of monovalent bases and of magnesium and a •jiKalominaneit of <ddorid(*s in total 
soluble salts amounting to more than 50%. The rtadamation of lliese lands by 
bunding and leaching of soluble salt is possible 

Portions of Dharwar district and Bijaptir taluks art^ aliccled by what is 
known as karl soils which are saline and alkalimt and fafirly (hutp and claytw, d’he 
salt lands of the Nira valley have developed as a result of (‘xet^ssive irrigation 
given on deep black soil of the locality. Mann and d’amliane (lOlOj havi^ shown 
that these salts arc derived from the dc:cay of ilie trap itself as iwidtnit from the 
presence of sulphate and chloride of sodium with varying quantities of magnesium 
salts in the disintegrated rocks. Basu and Tagarc (lOili) studital a largtt ntim1>er 
of alkali soil profiles based, on morphology on the six major canals of tin' Deccan. 
They were able to distinguish two groups of profihss according as tlie A or both 
A and B horizons were rendered compact and irnpermcalile. Tiu^sc soils wlu'.thcr 
situated on flat topography or occurring In low-lying situation hav<‘ sub-soil water 
table at 10 15' depth. The profile features of the former ri^setnbb* thosi'. of 

Steppe alkali soils whereas those of the latter the solonetz. 44 h' saTnity (alkali) 
status of these two alkali soil profiles of the Bonil)a.y-D(U',ca,n is given in d’able IT 
The common characteristic ol these soils is the liigh saturation of tlie surfac<‘, soil 
with sodium base and a zone of accumulation of salts in the profilit responsible 
for development of structure— profile, Basu and d’agair. {be. eit.) sucmaaled in 
reclaiming some ol these soils with porous B horizon by creating humid condition 
by irrigation and subsequent agronomic managtanent. In tlie worst typtt of alkali 
soil where both A and B horizons were rendered compact and imtiervious they 
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found a mixture of sulphur (at 1/2 ton per acre) and farmyard manure (at two tons 
per acre) to be the best reclaiming agent. 

The damaged land of canal irrigated tracts of the Bombay-Deccan was 
studied by Talati (1941) with particular reference to their salt content, exchange- 
able bases and pH, He classified these soils into (1) mixed saline soil (containing a 
mixture of Ca-, Mg-, and Na-salts, the last named tending to increase with depth), 
(2) saline soil (containing mostly Na salts with higher pH than the first (3) alkali 
soil* and (4 strongly alkali soil according to the presence of different amounts of 
soluble salts in the soils and their pH values. The saline soils of the Bombay 
State have been grouped into three classes (Basu, 1950) according as they are 
formed under natural arid and semi-arid conditions, irrigation and salt bearing 
parent material or beds affected by sea water in the past or by extensive flooding 
of sea water. 

In the State of Madras, intensive soil survey has been conducted from the 
viewpoint of irrigation. These soil surveys in connection with various irrigation 
projects have been either (1 ) pre-irrigational or (2) post-irrigational. The latter 
was necessitated by some troubles arising oiit of previous irrigation projects. 
Irrigation of black cotton soil was frequently questioned and as a consequence a 
large stretch of black cotton soil in Madras was surveyed in details before bringing 
the" area under the command of the Tungabhadra. Such studies revealed the 
occurrence of gypseous and non-gypseous profile development. The salt content 
of the black soils ranged from 0*1 to 0*5% within the first three feet zone and was 
considered harmless. The base status of the black soils was high with 40--60% of 
exchangeable calcium and the degree of alkalisation below 25% in mDst cases 
was considered safety limit The morphological features of two black soil profiles 
aie cited below (Tungabhadra Project Survey) : — 

GYPSEOUS BLACK SOIL PROFILE FROM SIDDAVIMANAHALLT 

Depth of Horizon Description 

in inches 

0 — 24 Black, clayey, with columnar structure, top 2" friable and 

the rest hard and compact. 

24 — 72 • Whitish black, clay loam, columnar structure, kankat 

nodules and crystals of gypsum present, slightly hard. 
The kankar increases with depth. 

72 — 96 Whiter than above, sandy, with patches of pale cement, 

highly weathered granite. 

NON-GYPSEOUS BLACK SOIL PROFILES 
Black, loamy, columnar structure, easy to work. 

Black, clay loam, columnar structure, hard. 

Black, clay loam, columnar structure, with concretion of 

CaCOa 

Greyish black, clay loam, columnar structure, bits of 
kankar with stray bits of gypsum. 

Mixture of bits kankar and infiltered grey soil — ferruginous 
gravel present. 

soils with low salt content at the top and varying degrees of alkalisation, the pH being ; 
above 9*0 and carbonates in great preponderance. 


0-12 

12—36 

36-60 

60—72 

72—80 
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The areas of black soils which have been irripjalcfl with the Tun^abhadra 
water (containing 20 part solids ]">er 100,000) have not ch'.veloped a.lkalinity, whereas 
similar soils irrigated from oih<n‘ sonrc(‘S lik(^ Chinna, 1 lagari river, etc.^ which 
contain large amounts of soluble salts chwcdo^xul alkalinity a,nd deteriorated. 
From the above observations it is evident tlia,t bla,ck soils can l)e irrigated to benefit 
provided the water is good and tUiliscd with eaxe. 

Ravchatidhtiri and Sharma fnnptiblislied) studied some typicad saline and 
alkali soil profiles of south India, The locations from where tliese profik^ samples 
were collected are as follows : — (1) near the Coimbatore farm, (2) near the Fade- 
gaon Farm and (3) village Hoi. Morphologically, the profile, collected from near 
the, Coimbatore farm, was characterised by presence of columnar structure, a 
compact sub soil and calcareous nodules increasing with depth. The ])rofile could 
be distinguished into three horizons, A and B and giving it a ^^solonctz’Mike 
appearance. In a similar way the village Hoi profile had a compact B horizon 
and was characterised by presence of angitlar chunks and clods becoming lumpy 
below distinguishing into two clear horizons, A and B, The |)rofile from tiear the 
Padegaon farm had mor])hological features revealing existener*, of two horizons, 
e. g,, A and B. The second horizon was in<>l(led brr)WTi. fairly p(>r<>us an(l had 
heavy de])osits of lime. The salinitv status of two profiles is giv(‘n in Table 
III. Chemical analysis of Coimbaton^ ]>rofiI<- sam])les flable HI) showed 
a high content of sodium in exchange eompb^x varyitig IVom IF) ;md the pH 

was above 10 in the first thr(X5 layers, dlie d(g,p*ee of alkalisatitm was high. 
Morphological features and ])hvsico-ch(U'nieal pro]>(n‘ties ])ointed to the fact that 
this soil could be classed tinder ‘^ksolonetz’” or “1>l:ick aikali’" mixed with “white 
alkali.” 

The Padegaon profile had a high lime status and eontaimal solnldc salts 
throughout the profile with an accumulation at the sm face (0’‘‘^52%» 'IViblc HI). 
The pH of the soil in all horizons was round 0*^. (kihaum/sodium ratio varied 
from 12'47 to 28’57 in the profile. Chemically and mor])hologieally the soil was 
nearer to ‘‘solonchak” group of classification. 

Raychaucllmri and co-wmrkers (1952-83) studied (lie salim*: soils of the Delhi 
State. Salinity which mitigates crop growth or totally prolrihits it, is n'sponsiblc 
for rendering a considerable percentage of land of tlie slate* as waste ami, unfit for 
cultivation. 

This study served as a pre-irrigational survey, sinert these areas were |)roposed 
to be irrigated by sewage efiluents in the near futiuaa Some ty])ical ]>rofiles of 
Jumnii k had ar (new alluvium) area ])ot\i from the north and Sf)ulh representing the 
different degrees of salinity were sludie 1. The proliles were characterised by 
absence of horizon differentiation and structural formations. Textural variations 
with depth, however, formed the basis of differentiation. The salinity status of 
some soil profiles of Jumna north and south has been giv<m in Tabic IV. 
In the north khadar area, the profile depth was conditioned by snl>-soil water table 
varying from 36" to 66". The salinity of tln^se soils was largely of sodium chloride 
and sulphate and similar condition but of higher magnitude was Ibuud in the under- 
ground water (Table IV). Thus the rise of salts in tlu^ profiles might Ixt traced 
to the upward movement of underground water. 'Hus pH of all tlu*: soils was on the 
alkaline side but below 9 0. The soils were base satxiratcd and llie |>crcentagc of 
sodium in exchange complex of the soils varied bctwtxiu the rnaximum values for 
white alkali soils and minimum values for black alkali soils. Morphological 
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TABLE II 

Salinity (alkali) status of two typical alkali soil profiles of Bombay-Deccan (Basu and Tagare^ 1943 ) 
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on agid saline soils or sulphate soils 

By 

ERKKI KIVINEN 

Department of Agricultural Chemistry and Physics of the University of Helsinki, Finland 
Communicated by Dr. S. P. Mitra 
{Received on 7th November, 1954) 

There are three kinds of saline soils : alkaline, neutral and acid. The acid 
soils contain sulphates and are in consequence called sulphate soils. When aerobic 
they are very acid. 

The largest areas of sulphate soils in Finland are to be found mainly in the 
costal regions, in the so called Litorina district. Sulphate occurrences are most 
frequ^^^ntly met with in the youngest geological marine sediments, eg., in gytja or 
muddy soils. Small patches of sulphate soils can sometimes be found also in 
glazial soils in the interior of the country. In the last few years fairly large areas 
of peat soils containing a lot of salts have been found in the north of Finland. 
Sulphate soils in natural state occur in Finland only in very low places, the drain- 
age of which would be both difficult and expensive. During the last 20 — 30 years 
sulphate soils have been reclaimed on a vast scale. Owing to drainage and culti- 
vation the salts have been leached from the soil and thus also the reaction has 
become more suitable for cultivated plants. In many cases such soils have given 
rise to very good fields. 

Except for Finland sulphate soils are found to some extent also in Sweden 
and even there principally in the costal regions (Hannerz-) A formation of similar 
kind is known also in Norway (Lag). In Denmark and in Germany the same kind 
of soils have been met with when digging canals and drains. The ‘d<atteklie’’ — 
occurrences in the Netherlands resemble sulphate soils in character. It is interest- 
ing to learn that sulphate soils have recently been found in tropical areas e.g., in 
Uganda (Chenery), 

Some chemical analyses of the water soluble salts found in sulphate soils in 
Finland and Sweden are reported in table 1. The amount of these salts varies 
naturally very much depending on the weather. During a dry period the salts 
will accumulate to the surface of the soil, but in wet weather rainwater leaches 
them down. The concentration of salts can in uncultivated lands reach 2 45% 
but usually it is considerably under 1 %. The chemical composition of the salts 
varies very much. As a rule they contain plenty of sulphates but usually scantily 
of chlorides. The amount of calcium and magnesium as well as that of alumi- 
nium and iron fluctuates on a great scale. 

The distance between the samples from Isokyro, mentioned in the table, was 
only about GO metres. This indicates how the concentration of salts can vary 
even in a small area. A similar phenomenon can be observed in an area, recently 
reclaimed, at Liminka in the north of Finland. The soil samples taken from a 
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(jattal, from a salt patch, and from the surface layer of the field contained salts in 
water soluble form as follows: — 


Soil samples taken 

from — 

pH 

ALO;,4-l*’e,0„ 

% 

(lat) 

% 

so, 

% 

Cl 

% 

the canal 


.3 90 

0-01 

0-39 

t)-47 

0-02 

the salt patch depth 0 — 3 cm 

3-3.5 

0-23 

1 -48 

3 ’35 

0-,57 

the field depth 0- 

-20 cm 

5-07 

trace 

();il 

0*19 

0-11 


The salts found in sulphate soils are rather easily soluble and thus it is possi- 
ble to leach them from the soil. In order to find out the rapidity of leaching, 
50 grams of sulphate soil was washed four separate times in a funnel and the fil- 
trates were analysed. The reaction of tne original soil sample was pH 3-91. The 
pH-values and the amounts of sulphates, aluminium, and iron in the different 
filtrations were as follows 




pH of the 

pH of (lie. 

SO, 

AL(),+Fc 



soil 

filtrate 

mg 


1. Leaching/50() ml 

water 

4-9 1 

4-75 

' 342-1) 

52-0 

2. „ /250 „ 


4-(ifi 

4-9.5 

.58-0 

l()-,5 

3. j, ji jj 

J J 

4-75 

5-12 

3-8 

10-,5 

4. „ /lOOO ml 


4-89 

5-18 

7-2 

6-0 


It can be seen that the first 500 ml of water leaches a lot of suljiliates and 
also of aluminium and iron. At the same time the pH value ri.ses very strongly. 
The latter filtrations contain smaller quantities of all the sitbstjinces ; and also the 
changes in the reaction are smaller. Similar results have liccn published by the 
author earlier {Kivinen, 1950). 

The sulphate soils have a very characteristic reaction. When wtiter satur- 
ated and in anaerobic conditions this kind of soil gives very high pH values, 
usually over pH 7. But when the soil is oxidized its reaction quiekiy turns very 
acid, sometimes so that nothing or only species such as Spm’nln arvimsi.t anil Kpilo- 
bium angustifolium, which thrive in very acid conditions, will grow there. As an 
example may be mentioned some pH values obtained from a sanqile of O’fmf* of 
sulphate soil, which was taken from 2 metres deep and which was lying in the field 
under the influence of the weather (table 2). Besiilcs the pM values also Ae 
amounts of the water soluble salts in the sample have been determined. 

The original reaction of the soil was about pH 8. When taken in winter time 
the soil sample probably froze immediately so that no chemical reaction took 
place. In spring, however, the pH values drop])etl clearly. In one year the soil 
became very acid. Later on the pH values began to rise in consequence of the 
leaching of acid salts. The same haiqiens wlien suli>hate soils are drained for 
cultivation. Then it is not uncommon to have jiIl values of about M. 

The figures above show also that under anaerobic conditions (here is a. rela- 
tively scanty mpply of water soluble salts in the sulphate soils, but in oxidized 
samples their amount increases very strongly. Thij is due to the fact that in the 
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former case sulphur compounds are mainly in the form of sulphides and in the 
■latter case again in the form of sulphates. This becomes apparent also from the 
fact that the colour of the layers of sulphate soils beiovv the groundwater level is 
more or less black because of iron sulphides. Neither is it rare to observe in 
them the distinct stink of sulphurated hydrogen. When oxidized the black layers 
lose their colour and they become grey or rusty brown. 

When sulphate soils are being reclaimed an effective drainage is naturally 
necessary. Special attention has to be paid to groundwater, which must never 
rise up to the surface, for it can bring acid salts again to the surface of the field. 
So large an amount of the salts in the upper layers of the soil are usually leached 
during 5 — 10 years that cultivated plants will begin to thrive there. It is recom- 
mended, however, that in the beginning of cultivation such species are grown as 
tolerate acid conditions e.g.^ oats, rye, potatoes and timothy. Later on when the 
concentration of the salts has gone down and the reaction improved, also more 
pretentious plants begin to thrive there. There are large areas of sulphate soils in 
Finland which nowadays give excellent yields. 

Because of their high acidity sulphate soils need necessarily lime when re- 
claiming. 4 — 5 tons per hectare at a time is the amount usually recommended, but 
the procedure must be repeated after some years. Also the fixation of phosphorous 
in sulphate soils is very strong, therefore a large amount of phosphate fertilizers 
(1000 — 1500 kilos/hectare) is recommended. A large quantity of nitrogen must 
be used also because the mobilisation of nitrogen in this kind of soils is usually 
very slow. Stable manure produces as a rule a very good effect. 

TABLE 1 


Chemical composition of the water soluble salts of some sulphate soils {%) 

i .S 


SiOa 

A1,03 

Fe ,03 

MnO CaO 

MgO 

K^O 

' Na^O SO 3 

Cl 

pH 










* 

(U .TS 

S3 g 


Finland (Prostenis) 











Paiinio 2‘9’/ 

0-30 



8-44 

8-84 

1-66 

21 67 

46'66 


0-48 

• • » 

Halikko 4*49 

9-68 

3-60 


5-76 

3-94 

2-90 

5-35 

44-32 

... 

0-51 


Tsokyro 6' 12 

1-60 

5-65 

. . . 

11-11 

9-39 

2-13 

3-67 

42-75 

... 

0-50 

* « • 

Ylistaro 1*89 

8-20 

5-21 

... 

4-52 

6-79 

1-64 

5-07 

45-24 

... 

0-71 


Tiokvro. uncultivated soil {Aarnio, 1922) 








0 — 10 cm 0*29 

10-77 

1-31 


23-77 

1-65 

0-41 

4-16 

56-78 

0-85 

2-45 

3-9 

10— .90 

7-32 

... 


13-24 

6-92 


16-42 

48-84 

7-12 

0-20 

5-1 

25-35 12-26 

3 '66 



12-44 

10-89 

1-46 

7-32 

48-76 

3-20 

0-22 

5-2 

Tsokvso. cultivated soil (Aarnio, 1922) 








0 3 I) 0*94 

2"41 



17-34 

13-94 

0-87 

14-94 

45-58 

4‘22 

0-30 

4-7 

30 — 40 5*01 

2*28 

... 


7 06 

14-41 

... 

3-39 

67-66 

1*59 

0-20 

4-2 

45-55 0*25 

7-47 



1 1 -55 

12-83 


1 1 -48 

48-00 

2’38 

0-28 

4-3 

Sweden ( Ihmner.A 











Rosvik 

14-97 

3*49 

0-92 

2-30 

iO'34 

... 


68'0 

... 

0-73 

3'0 

Sunderbyn 

9-78 

11*65 

1-71 

4-33 

3-32 

2-09 

O'SS 

66-6 

... 

0-19 

2-9 

llindcrvSiin 

11-26 

4-35 

0-63 

817 

7-69 

0*51 

... 

67-3 

... 

0-43 

2-6 

Lappon 

11-10 

18*00 

1-40 

2-30 

5-80 

... 

... 

61-3 

... 

... 

3-4 
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plT values and the amount of (d(‘(:(rolyt(^s in th(‘ dilh'rc'ut layers of a 
sulpliatc^ soil sample 


De])th cm 

0---2 

pH value 

5-0 0 

s 

10—20 

20-* 

27-3-193r> 


7-9G 


M07 

84)8 

7-5-193G 

7\5I 

a'34 

8*27 

8 2ti 


20-6-193(i 

5*89 

4.2i) 

■1-35 

4*31 


ia-‘)-l93ii 

400 

3 58 

:F57 

:)‘‘lo 

4.30 

22-5-1937 

2-51 

2 58 

2 '03 

2-85 

3 20 

3-:0-19;57 

3-(jl 

3 '35 

!')*3>3 

3 ■5 7 

3*ti0 

19:38 

3*50 





1939 

4*10 





1943 

400 





1945 

d'do 

Elu'.trolvtc's 

ing/ 1 

... 

... 

27- 3-193(1 


1 5ti2 


I27.'-. 

1 350 

7- 5- 1931) 

Vb75 


775 

710 


20-6-193(1 

5500 

:;7oo 

3500 

:!2oo 


lfJ-9- 193(1 

7300 

7800 

'IhiO 

;i«oo 


22-5-1937 

14200 

4500 

3770 

3>"/0 

imo 

3-10-1937 

lOOOO 

5000 

:,!8»00 

2800 

2500 

1 933 

2000 

« „ ^ 

... 



1939 

500 


... 



1943 

700 

... 




1945 

175 
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. . . 
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RECLAMATION OE ALKALI SOILS 

By 

C. L. DHAWAN, M. M. LAL MALHOTRA and JAGIR SINGH 
Irrigation and Power Research Institute, Punjab, Amritsar 

(Received on 29th October, 1954) 

One of the most characteristic features of the arid zone soils is their ten- 
dency to develop salinity. The soils have an alkaline reaction and cotatain mostly 
sodium salts. 

Three types of salts, viz., sulphate, chloride and carbonate of sodium 
usually form the main mass of the saline efflorescence. The main types are the 
following ; — 

(a) Solon chak — Saline soils, containing sodium carbonate (black-alkali) or 
sodium sulphate and sodium chloride (white alkali). 

{b) Solonetz. — Alkaline soils, belonging to high pH and low soluble salt con- 
tent type. ' 

These soils are distributed among the normal (zonal) soils of the arid 
regions of the earth’s surface. Large areas are lying waste in the Punjab, U. P. 
and other States of India. In U. P. ,the alkaline soils are known as “Usar” 
soils. 


The formation and reclamation of saline soils by irrigation and paddy cul- 
tivation and its effect upon the soil nutrients has been dealt with, by Mehta, ‘ 
Taylor® and Asghar, and Dhawan.^ The reclamation of alkali soils is con- 
fronted with great difficulties. It is almcst universally recognised that the poor 
structural qualities of alkali soils are due to the adverse physical conditions pro- 
duced by the e.tcess of exchangeable sodium. It is also an accepted fact that the 
sodium soils are highly hydrated and dispersed than calcium soils. The former 
swell and become impervious. The problem, therefore, is to investigate some 
practical and cheap method for producing favourable physical conditions. This 
can be accomplished by replacing sodium in the exchange complex by calcium. 
It can be done by any one of the following methods 

(a) Addition of soluble calcium salts like calcium sulphate and calcium 
chloride etc., etc. 

{b) To make available calcium present in the soil in the form of calcium 
carbonate by lowering the pH value. 

((;) Green manuring or other materials which on oxidation can lower the 
pH value and replace the exchangeable sodium by calcium. 

The present paper presents the results of semi field experiments carried out 
with different reclaiming agents for investigating the most suitable but parctical 
method for the reclamation of alkali soils. 
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EXPERIMENTAL 

ISxperiments were condiioL'.d in plots ol ten (ect by six feel each. '^I'he 
variation in total soliibc salts and pH of the soil with depth is given below 

TABid'i r 

Showing the variation in total soluble salts and pH of soil with Depth 


Serial 

Depth 

'J'otal soluble, 

pi 1 

No. 


salt (Na. CO;,) 

% 

1. 

0—1 ft. 

0 57 

10-50 

2. 

1—2 ft. 

0-47 

10 40 

3. 

2—3 ft. 

o-io 

9-20 

4. 

3—4 ft. 

0-l)8 

9-00 

5. 

4— f) ft. 

O-OB 

8-97 


The following treatments were given : — 

(1) Ia;aching. 

(2) Leaching with hoeing. 

(3) Sulplniric acid at O'tif) Ion and li'li tons per acre. 

(4) CJypsum at 3’3 tons per acre 

(5) Lime sludge (li'd tons per acre) with molasses (l li tons i)er acre). 
Both are waste products from a sugar factory. 

(()) Distillery waste (a waste product from dislillery factory) at 103 
tons per acre. 

(7) Farmyard manuring at 2l>‘r) tons pe.r acre. 

(8) Calcium chloride at 3-2 tons per acr(n 

(9) Farmyard manure (2(i'5 tons per acre) plus dislillery waste (2(> 
tons per acre). 

(10) Addition of green manuiai (20 Ions jier a(a'e). 

The crop rotations carried out in each plot were rice, ber.seein (7 r//y/dt«- 
AUxandinum). 

DISttUSSION OP RESUL'l'K 

The pH value and the total soluble salt contents are ihe two (essential factors, 
which need specific control for maintaining the hutility of a soil. Taylor" laid 
down limits of fertility and deterioration of soils in relation (o their total salts 
and pH. It was concluded by him that if the salt conleul of the soil (uxeecded 
0-2% and the alkalinity exceeded pi I value of H\3, then ihe soil (hilerioration would 
set in and crop yields would be below normal. 

Fig. I .shows the relation belw(;en Ihe varialion in loial soluble sail and pH 
of soils with depth, treated with dilferent reclaiming agents after third year. The 
following main inferences were drawn IVom this study : 

(i) Fhc reclamation oi soils inlestcd with sodium carbonate is a very slow 
process. 
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(ii) The following is the order of efficiency of the different reclaiming 
agents. 

(а) Distillery waste . — It is a waste product from alcohol factories. Its pH 
ranges between 4*5 to 4*9. Due to its acidic properties, calcium carbonate pre- 
sent in soils become soluble and the reverse reaction of the replacement of sodium 
by calcium begins to take place. It is well known that only about one milli- 
equivalent of calcium carbonate is soluble at pH 8*6, while over 70 are soluble at 
pH 7.® Distillery waste also contains a little calcium, which can help in remov- 
ing some of the sodium from the exchange complex. Even in the first year of 
reclamation distillery waste and lime-sludge plus molasses behaved the best.^ ; 

(б) Farmyard manure plus distillery waste . — In this case the pH at lower, depth 
was not affected much. The release of complex organic acids from the farmyard 
manure counteracted the adverse effect of the sodium ions at lower depths. 

(c) Green manuring by Jantar {Sessbania — Articuleata ) — It was investigated by 
Dhawan, Malhotra and oingh^ that the root system of this plant could be used 
as a field method for judging the effectiveness of a particular reclaiming agent 
for black alkali soils. With the use of this type' of green manuring, it was observe 
ed (Fig. I) that the released sodium ions from the top could not raise the pH of 
the soil at lower depths due to the production of complex organic acids. This con- 
firmed the results of farmyard manure discussed under {b). 

{d) Farmyard manure and molasses plus lime sludge also did quite well . — It is an 
established fact that organic manures on decomposition emit certain complex 
organic acids, which, therefore, help in replacing the sodium 'by calcium in the 
exchange complex. 

(e) Gypsum was comparatively more effective than the calcium chloride. 
The low solubility of calcium sulphate is responsible for its better reactivety than 
calcium chloride. 

if) Leaching with hoeing displayed greater reactivity than simple leaching. 
This confirmed the results of Dhawan, Malhotra and Singh that for the reclama- 
tion of sodium carbonate soils, hoeing was an essential step for bringing the 
chemical reaction of the displacement of sodium by calcium. ^ 

{g) In other cases the effect was not very prominent. Even the sulphuric 
acid alone could not completely neutralise the alkalinity. 

From the results of analysis of soil samples after three years of reclamation 
operations, it was concluded that crop rotation alone was a very slow process for 
reclaiming such type of soils. (Black alkali.) 

Some kind of chemical was needed to start the reaction in the opposite 
direction. 

The above conclusions were further supported by the yield figures. The 
yield of rice fell in the following order 

1 . Distillery waste. ' 

2. Lime sludge plus molasses. 
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3. Green manuring. 

4. Farmyard manure with distillery waste. 

5. Sulphuric acid. 

().* Farmyard mantir<^, gypsum and calcium chloride. 

The interesting observation noticed wa,s tlm incieasc in pU of soils Indow two 
feet:depth. -‘This was quite evident, as sodium carbonate being an alkaline salt 
would immediately start base exchange reaction. Soditim carl)onate leached out 
gradually increase the sodium in exchange complex. This reaction may be ex- 
plained schematically as follows : — 

Ca-T-Clay + Sodium carbonate >Na — Clay + Calcium carbonate. 

What is really needed in the reclamation of black alkali soils which are 
highly impervious and hard, is to improve the structun*: of tlie top few inches, so 
thaf rice-^seedlmgs which is a well-known alkali resistant plant may get itself estab- 
lished. ’ For the" reclamation of saline soils the .recommended tecliini<p,ie is leach- 
ing followed by rice 'Cultivation and some type of . legimnnacea, cro],).^ " ‘But the 
sodium carbonate soils, resist leaching. Therefore hoeing is a, very necessary .step 
for .accelerating the speed of reclamation in (he case of black. alkaJi soils. It has 
already been confirmed (Fig. I). 

The next point which merits the atieniioh is about tire cpuintity of calcium 
salt actually required for rcclaniation. The Punjal) and U. soils are mostly 
kaolinite and their ba.se exchange capacity lies Irctween 10 to 20'0 miliiixpuvrdcnts 
per/lOO grams of soil. Taking the worst case, let tint whole of the exelmngc^ com- 
plex is charged with sodium and the .soil i)osse.sses the maximum ba.se excliange 
capacity 20. To replace the whole of .sodium by calcium, only 1% of cal- 
cihm carbonate is needed, which may be present in the grid /.one soils, 'llicre- 
fore the problem of reclamation of black alkali soils is not very intricate. It 
needs proper crop rotations and patience if no other chemical i.s available 
nearby. 

SUMMARY 

(i) Any one of the following (rcatmenis may lie used for t he reclamation 
of black alkali soils. But the decisive factor in tlie sele<‘tion of the reclaiming 
agent is its cost : — 

{a) Distillery waste, 

(b) Lime sludge plus molasses. 

(c) Farmyard manure plus distillery waste. 

(d) Green manuring. 

(e) Calcium sulphate. 

(f) Calcium chloride, 

(ii) Hoeing accelerates the reclamation process, 

(Hi) The^ alkalinity of soils at lower depths increjise gra, dually due to the 
removal ol calcium from the exchange cornidex ))y sodium ions released from 
the top. 
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(iv) For maintaining the fertility of alkali soils, it is, therefore, necessary 
that the crop rotations practised on each type of soils should include green manur- 
ing plants along with rice also, 
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G,raph showing variation in pH and total-soluble salts of lilack alkali profiles 
treated with different reclaiming agents 
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PRELIMINARY INVESTIGATIONS ON THE RECLAMATION OF 
SALINE SOILS BY EARTH WORMS 

By 

C. L. DHAWAN, R. L. SHARMA, AMRIR SINGH and B. K. HANDA 
Irrigation and Power Research Institute^ Punjab^ Amritsar 

(Received on 29tli October, 1954) 

As early as 1882 Darwin^ observed that earth-worms played a substantial 
role in the formation of agricultural soils. Since that time some investigations 
have been carried out on the effects of earth-worms activity on the physico-chemi- 
cal and biological properties of soils. Wollny^® showed that earth-worm burrows 
raised the air-capacity of loam soils from 8*9 to 31*2%. Later on Blank and Gie- 
secke® confirmed the above findings. 

Recent researches carried out by Gurianova'’^ and Hopp and Hopking^^ 
have shown that earth-worms may play an important role in the formation of 
water stable soil aggregates. Dawson^’ also presented evidence that stable aggregate 
formation took place due to the activity of the earth-worms. 

From the above discussion, it appears that earth-worm increase the water 
stability of a soil. The present investigation was, therefore undertaken to see how 
far the earthworm activity could ameliorate the saline soils as any improvement 
in soil structure would naturally lead, to better fertility. 

EXPERIMENTAL 

The following investigations were conducted. 

(i) Effect of different percentages of sodium salts (usually present in saline 
soils) on the activity of earth-worms. 

{it) Effect of earth-worm activity on the dispersion coefficient of soils. 

DISCUSSION AND RESULTS 

{i) Effect of different percentages of sodium salts {usually present in saline soils) on the 
activity of earth worms. 

Three types of salts, vie:.^ the sulphate, chloride and carbonate of sodium 
usually form the main mass of these saline efflorescence in the arid zone soils. 
Calcium carbonate is also frequently present in sucti types of soils. 

Artificial soils, conta.iniiig the following percentages of sodium salts, were 
prepared. 

(1) Control. 

(2) 0*1% to 1-0% ol sodium chloride, sodium carbonate and sodium 

sulphate. 
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tlie ineclianical analyses of this soil is given below 1— 

(a) Clay (Particles below *002inm)=: 15*4/. 

(b) Silt (Particles greater than ()"()()2 mm btit less Hum 01)2 mm)» UV7%, 

(c) Sand (Particles greater than 0’02 mm but less than 21) nun) stt()51)%. 

The initial moisture content of tlu^se soils was kei)t at about 151)%. 

The hollow soil cement blocks of (> ()'' x 151)"' dimension were half lilled 
with these soils. Fifty earth-worms were placed in each type of soil and t lie 
blocks were closed, so that no earth-worm could go out. The earth-worms were 
counted, three time a day and any deficiency noticed in any block was innnediat- 
ly made up in order to keep the number of earth- worms same in all the soils. The 
observations were taken for three weeks. The temperature variation during 
that period was 107^F. (maximum) and (minimum). 

Table I gives the results of the clfect of varying percentages ol sodium salts 
on the life activity of tlie earth-worms. 

d’ABLE I 

Showing the elfcct of varying percentages of soilium safs on the life of 

earth-worms 

Percentage* of earth-worms living in 


No. 

Salts % 

Soclimu ohloridc. 

Sodium carbon-- 
ate 

Sodium sul- 
phate. 

1. 

0-0 

... 

All living 

... 

2. 

u-1 

59-U 

85 

1001) 

3. 

0-2 

12'() 

65 

1001) 

4. 

U'3 

(rO 

35 

851) 

5. 

()-4 

All dead 

15 

781) 

6. 

()•.') 

Do 

All dead 

•11)1) 

7. 

0'6 

Do 

Do 

301) 

8. 

0-7 

Do 

Do 

101) 

9. 

O'B 

Do 

Do 

All dead 

10. 

0-9 

Do 

Do 

Do 

11. 

1-0 

Do 

Do 

Do 


The following inferences were drawn from tl,ic above table : 


(1) The life activity of the earth-worms decreased with the increase in the 
percentage of salts. 

(2) Sodium chloride was the most toxic. In plants also so<linm chloride has 
got the maximum toxicity. 

(3) The following were the percentages of sodium salts when i here was 
complete extinction of life in earth-worms,-— 

(a) Sodium chloride greater than 0‘3% 
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{b) Sodium carbonate greater than 0*4% 

{c) Sodium sulphate greater than 0*7% 

The second experiment was conducted to investigate the effect of varying 
moisture percentages on the life of earth-worms. The results of this experimem 
are presented in table II >- 


TABLE II 


Showing the effect of different percentages of moisture on the life ol 

earth-worms % 

Clay =15-4 
Silt = 18-7 
Sand =: 65'6 


No 

Moisture % 

Percentage of earth- 

1. 

10-0 

All dead 

2. 

12-0 

Do 

3. 

15-0 

All living 

4. 

20-0 

Do 

5. 

25-0 

Do 

6. 

30-0 

Do 

7. 

35-0 

All dead 


A glance at the above table showed that the optimum range of moistuie 
within which the earth-worms could live was from 15*0 % to about 30 % fora 
sandy loam type of soil. 

It was very interesting to observe that even soils containing varying percent- 
ages of salines also behaved similarly. 

With 0*1 % NaCl or 0*2% Na 2 G 05 , the life activity of earch-worms ceased to 
exist at 10'0% or 35*0% moisture content. The life activity of the earth-worms 
was, therefore, adversely affected below 15*0% and above 30% moisture content. 

(3) The third experiment was designed to study the respective dispersion 
coefficients of the soils and the mounds formed by the earth-worms in the soils. 

Mounds were collected from a number of soils and the dispersion coefficient 
was determined by dispersion in water only (auto-disintegrationj. Dispersion 
coefficient is the ratio between the percentages of clay on auto-disintegration to the 
total clay on complete dispersion (Puri,).'^ The higher the value of disper- 
sion coefficient, the more impeded the movement of water through that soil 
would be. Dhawan'* concluded fiom his experiments that the structure of the 
soil, which was key to all fertility was mainly governed by the dispersion coefficient. 
Therefore, it was thought desirable to determine this constant in order to study 
the role of earth-worms in ameliorating the structure of soils. 

It is an accepted fact that the alkali soils have the following main character- 
istics : — 


{%) High dispersion coefficient and low permeability 
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(it) High pH value. 

(in) High degree of alkalisatioU. 

If by some processes, the degree of dispersion of soils is d(H'r<‘asc‘d,, there is 
bound to be more drainage and aeialion and the i^lants will liegin to gnu theni' 
selves established. This process wmdd naturally lead to gradual icelainatiou. 

The results of lirst experiment have revealed llic (r(fe<’i of varyiii|»' inaa'cnl- 
age of salts on the life activity of earth-worms^ from which it was Conchuhal tfuit 
even at about 0"4% of sodium carbonate (which is the main a,lkaU salt as sodium 
chloride are neutral salts), the life cycle of the earth-worms existed T’his experi- 
ment was carried out to see how far the earth-worms affected tlu^ c;Hs|)ersion 
coefficient and exchangeable sodium plus potassium of soils. 

Separate samples of the mounds formed by the cartli-worms and soil were 
taken and the dispersion coefficient and exchangeable (Nad K) were determined. 
Exchangeable (Na | K) was determined l>y shaking a known quantity of soil by nor- 
mal amnioniinn carboiiatc sohuion, taking an aliipiot portion out of the fillrale 
evaporating it to dryness and titrating it with standard HCl fPuri).^ 

dhe results of the dispersion coellica'eiu and e.\<thaiigcable (NalK) ire 
given below “ * i , *■ 


'rABEE No, I 


Showing the comparison of dispersion eoeilieimu ami exidiangeabh* 
Sodium plus Potassium of mounds formed l>y earth- worms atul 
original soil samples 


S. R. 


1 

2 

3 

4 

5 
() 

7 

8 
9 

10 

11 

12 

13 

M 

1,5 

IfJ 

17 


M----nH‘ans nuunids formed liy earlli-wonns 
O—means original sample of tint soil, 


Nomcuola- 

tina^ 


Dispersion codlicumt 


Ivxehani/(%ibir Na > K in 
Md'., per 1 no grams soil 


M • 

40*0 

() 

50d* 

M 

41P7 

() 

50*0 

M 

ti4*4 

() 

(iB'2 

M 

43*4 

O 

6()’3 

M 

3<)*3 

() 

4a*(; 

M 

tO-2, 

() 

()t>*2 

'i\'T 

50*0 

( ) 

>2 ‘3 

M 

51 0 

( ) 

()52> 

M 

52*0 


ton 
1-1 
!•:» 
I ’2 
1 ‘0 
l‘tl 
0*0 
IT 
1*0 
1^'tl 
! -0 
I '2 


0% 


It) 


0 { 


0 1 


t) J 


1 bTl 



s. R. 

Nomencla- 

ture 

la 

O 

la 

M 

20 

O 

21 

22 

,M 

O 

2:i 

M 

24 

O 

25 

M 

2() 

O 

27 

M 

28 

O 

20 

M 

50 

O 

51 

M 

52 

O 

55 

m: 

5‘i' 

() 

55 

M 

50 

O 

57 

M 

5H 

() 

50 

M 

•10 

O 

51 

M 

52 

() 

55 

hr 

55- 

() 

55 

M 

50 

() 

5’7 

At 

5-8 

O 

5<) 

M 

50 

() 

5! 

M' 

52 

C) 

55 

M 

54 

O 

55 

hi 

50 

o 


Dispersion coefficient 

51 - 8 
42-8 

52 - 2 
16-1 
86-4 
17-0 
36-3 
16-1 
27-6 

50 - 9 
50-0 
16-1 
33-9 

51 - 0 

78 - 4 
45-5 

48 - 8 
45-4 

49 - 1 
() 3-9 

79 - 7 

50- r) 
r)9-0 

53 - 7 
57-3 
3()-6 
r)l'4 
58 4 
() 5 -() 

42-9 

504 ) 

364 ) 

40-2 
39 0 
33-3 
56-8 
404 ) 

32 8 
26-8 


Exchangeable Na+K in 
M. E. per 100 grams soil 

0-9 

0- 3 

1- 3 

0- 7 
4-5 

1 - 0 

1 - 5 

2 - 16 
0-44 
0-44 

0-70 
0-70 

0- 73 

1- 5 

2 - 0 
0-8 
1-4 
0.4 
0-6 
0-4 
0-6 

0- 4 
0-8 
0-6 
10 
0-8 

1- 4 

1-0 
0-6 
1-2 
08 

1- O 
0-8 
0-4 
0-6 
0-2 
0-8 

2 - 2 

2-2 


Tt is concluded from the above results that the mounds formed by the earth- 
wonn.s from the same soil had comparatively less dispersion coefficient and exchange- 
nlilr (Na l-K). 'J'his meant better structure as Dhawan and Sharma* concluded 
from llie sliidy of Ihmjab soils that the dispersion coefficient was the principal 
govci tiing factor in the determination of the structure of a soil. This would natu- 
rally rai.se the :iir c.apacity or in words the aeration of the soil. The low exchange- 
able ( Na 1 K) of mounds also lent support to this finding. 

it is well-known that the alkali soils possess the least aeration due to high 
ltere<;nl;tge of exchangeable sodium. Sufficient aeration is very essential for good 
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plant growtli. Tf the earth-worms can increase l]i(> aeration of the lop few inches 
of the soil, then the rice croji which is considered th<; most salt tolerant jilant for 
reclamation can get it self salely established. Clarbou dioxide is released by the 
roots of the rice plants and the i)Jl of the e.arboa dioxide saturated wa,ter is ai)ont.‘ 
If the rice ]dants arc not estahlishcd property in the soil the leclamatioii process 
would be. obstructed. Tluueforc, the earth-worms whic.Ii usua,lly make (heir 
appearance during summer rainy season can sullicicntly help in the auielioralion 
of the deteriorated soils. 


SUMMARY 

(i) The life activity of the earth-worms completely stops at tlie following 
; concentrations of sodium salts : — 

1 . Sodium chloride greater than 0-2 % . 

2. Sodium carbonate greater than 0'4%. 

3. Sodium sulphate greater than 0'7% . 

(u) 1 he life activity of the earth-worms is adversely affected to a great 
extent below ami above 30'% moisture eoiiieut. 

(Hi) liarth-worms imjirove the structure of the soils by decrea.Mug their 
dispersion eocdieieul and exehaugealilc (.'a-fK). 

(iv) Karth-wonns helji in reclaiuiiug the deteriorated soils. 


1. 


2 . 


3. 

4. 

!). 

G. 

7. 

8 . 

9 . 

10 . 
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ACID, ALKALI AND SALINE SOILS 

By 

1*. IC. R. MENON and T. RAJAGOPALA IYENGAR 
Agricultural Research Institute, Coimbatore 

Communicated by Dr. S. P. Mitra 
[Received on 13th November, 1954) 

INTRODUCTION 

Acid and saline or alkaline soils occur over wide areas in the world. Acid 
soils occur in humid and semi- humid regions while saline and alkaline soils are 
generally found in arid and semi -arid regions. 

As is well-knowrn the colloidal complex is the seat of most of the changes 
taking place in a soil The colloidal complex consists mainly of clay and humus. 
In order to explain the formation of acid and alkali soils as well as the changes 
taking place in them in the process of reclamation, in a simple manner, the clay 
complex may be regarded as a salt like compound consisting of a negative and a 
posiiiv(5 component. The negative radical or micelle is made up of complex, 
itisolublc alumino and iron silicic acids. A miscellany of cations like calcium, 
luagticaium, sodium, potassium, hydrogen and others form the positive radical. 
Diagramatically (ho clay may be represented as follows : — 


Ca 



complex mi see He formed of alumino and 
iron silicic acids carrying negative 
charges. 


Tlie negative charges of the micelle are neutralised by the positive charges 
of the cations and the clay appears to be neutral. But when suspended in water 
the cations diffuse into the liquid forming a diffuse double layer in which the 
cations arc not all at the same distance from the micelle. This leaves a net 
iiV<citivc charge on the micelle and the picture of the clay particle becomes more 
complex, rhe crystal lattice structure of the clay is also there. But the simple 
diagramatic representation of the clay is sufficient to explain the changes taking 
|)lacc m acid and alkali soils. 


ACID SOILS 

I )uring the weathering of rocks salts are formed. Tn arid and semi-arid 
regions ihen^ is not sufficient rainfall to wash away all the salts. Some or most 
oniuan rmnain in the soil and the cations of these salts dominate the clay 
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complex. In humid and scmt-humid rcpjions, on the other hand, the rainfall is 
suflicicntly high to wash away tln^ salt. With further haaeliing th<^ <uuions of th(‘ 
clay become partially replaced by tins hydrogen ion of wa, ter, particularly wlum tin': 
water is charged with carbon dioxide. liud<‘r sucli conditions neutral or nea,rly 
neutral soils may first result. With still further leaching hydrogen obtains a 
dominant place among the cations of clay and the soil becomes aeiclica I n miinira.! 
soils of pH 4 and less aluminium has been shown t(^ be the most important ('.ation 
while under natural conditions the humic material also |)rescut S])lit olf liydrogen 
ions from the carboxyl groups. So acid soils are formed on account of the leach- 
ing to which they are subjected in the humid and semi-humid regions. 

While this is perhaps the sequence of changes in the humid and semi-humid 
temperate regions, where large areas of slightly to moderately acid soils are 
found, more drastic action takes place in the humid tropics. Under the influ- 
ence of high temperature (alternate wetting and drying) and heavy rainfall the 
clay becomes highly acidic and the crystal lattice probably breaks up. Subsequent 
leaching entails the partial removal of silica, from the complex and a matrix 
consisting of iron and ^ alnrninium hydroxides, some silica and a small amouTU of 
kaolinitic miiKTals is hd'l behind. This soil matrix wi(h a ])orons slruettin" has 
been called latcrite. Since they contain little or no pritna.ry (da,y minerals even 
the finer fractions of tliese soil do not (vxlnhit tju^' cliarael(n*istic properties of 
typical clays sucli as base exchange, plasticity, cf^lu^sion swelling, eie., to any 
considerable degree. The amount and intensity of rainfall a,pp(\a.rs to be more 
potent in latcrite formation than the tem|)erature. In .Malabar lUtu'iic* soils are 
met with in all regions which iee(uv<^ an annual prcufipitatioii of oven' 100 inelies 
in the south-w<xst monsoon (July to Septemlxu'), In Palghat ttiluk in tin* 
south of the district, whicli nmeivtts only 70 — tW' of raiti per annum <Hstri- 
buted in the south-west and noith-<uist monsoon (50-— tiO" in Uu* S. W. and 
15 — 25" in the N. E. monsoons) the soils hav(': not Ixmome hutu'ttes. llu'y urc. 
only lateritic. They are more fertile tha,n the lat<n'ites and liave a, silica st^s- 
quioxide also'betweeu 1*5 and 2 while the corres])onding ratio for tlte laterites is 
1’3 and less. The true laterites have a vermicmhir structure with sometinu^s iron 
concretions. At or near the water table tlu^y are vta'y soft ami <!ati b<‘ readily 
exit into blocks. These blocks on exposure dry up and b(U'.om<' as bar I as giauite. 
So latcrite is quarried for building material. Uiuhu' wet eul{iva.lion a v(*ry fme 
film of ferric hydroxide is often fotind lloating on tlu' surfaa! of the water*. On 
account of the very high internal area this film has a grcuit ('af)aeity to revert 
soluble phosphates added to the soil. Eatcrite s<)ils are a,ci(li(min(l a.re very |>(H)r 
for crop producliom They do not contain bases and do not have much ’powfu* 
to retain moisture and manures. They revert soluble phosphates into insoluble 
iron and aluminium phosphates. 'Fhesc soils hav(‘ to l:)e built up with Itr^avy doses 
of organic manures. 

Acid soils are, therefore, met with in all regions of lieavy rainfall, lit the 
tropics, the acid may degenerate into lateritic and laleriu^ soils. Aei(l soils are 
not so good for crop production as neutral or nearly neuti’al soils. A grfmttu; 
variety of crops can also be successfully grown in m’mtral soils than in aniVl soils. 
In highly acid soils plant; growth is very poor. 'The reasons for litis iufertuily 
are the toxic effect of tins hydrog<*n ion tioiuteinlralioii <>( i,lu* ,sotl or of 
the soil solution on plant roots *aud the stteondary (dfin-ts brought alxmi bv 
acidity. The secondary effects of aeuiity are rnairdy tliie to a sh<)rtage of avail- 
able calcium and pliospliatc and to an txxet'ss of aliuniniiuu ami niang‘aix*'Sc* in tlie 
soil which arc toxic to plants. In the slightly acid soil wlucli occur owr larg<^ areas 
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Yield “°''® decreasing crofi 

drit il u-I Ir adverse effect of hydrogen ions. Arnon, (1942) showed 

srrmulnrv n- < Plants Will grow well between pH 4 and 8 if the 

nbini rnlt. -X'-^ Vf hydrogen ion concentration are eliminated and’’ that 

bev P^ 3 and that above pH 9 

ility <11 c not able to absorb phosphates and other nutrients. 


^ 111 Madras large areas of acid soils are found in regions of heavy rainfall 

in the wiastcrn and eastern aiastalst^^^^^^ These soils are highly 

(kdicient in all bases and unlike in other parts of the State the soils have to be 
given heavy dressings ol potassic fertilizers and lime to get good returns But 
It is^ noted that lime beyond a low level does not show any beneficial result in 
aterite soils. 1 his is probably because the low base exchange capacity of the 
lateritic and laterite soils prevents the full use of heavy applicaUons of lime 


Acid soils can be improved by changing their reaction to neutrality or near 
neutrality. ^ This can be accomplished by the application of lime to the soil in 
the form ol calcium carbonate or slaked lime. Then the hydrogen ion of the 
soil complex are gradually replaced by calcium to give a predominantly calcium 
soil, rhe lime reciuirement of a soil can be estimated by shaking it with a calcium 
salt solution bufrered to pH 0*5 and calculating the quantity of lime required to 
1)1 ing ^ the soil to this pH. Ltiinc is better incorporated into the soil in two or 
thrc.c instalments rather than in one lot. Overliming will not only increase the 
cost without any purpose but will also bring about harmful effects as it may induce 
a deficiency ol available phosphate, iron, manganese, copper, zinc and boron and 
prevent the metabolic utlization of these nutrients. 


Tliere is another aspect of acid soils which should not be lost sight of. 
There arc certain crops which thrive best under near neutral conditions but 
which a,tc lialilc to the attack of diseases at this pH. The potato is a well-known 
illnstraiion of this. Potato grows best at about pH 7*0 but then it is liable to the 
attack of iiotato scab. Between pH 4 and 5 the yield of the crop is not so high 
Init it is free from tlic disease. Farmers prefer disease free potato and cultivate 
the crop at the lower pH increasing the acidity of the soil by suitable means where- 
ever necessary. Such a practice is in vogue with certain other crops as w^ell, 


SALINE AND ALKALINE SOILS 

As oi)i)osed to tlic acid soils of humid regions saline and alkaline soils deve- 
l()p in arid aiul semi- arid regions. De’Sigmod in 1932 pointed out that there are 
live stages in the development and subsequent alterations in alkali soils. These 
arc salinisation, aikalinisation, dcsalinisation, degradation and regradition. 

Salinisation refers to the accumulation of salts in a soil and this is the first 
Htej) in the formation of alkali soils. Saline soils correspond to the ‘Vhite alkali” 
soils of Hilgard, the Solonchalk of the Russians and the '‘Uppu Mannu'’ of 
M;idras. Tlie Regional Salinity Laboratory, Riverside, California, designate soils 
vvdiich contain an excess of soluble salts with pH le.ss than 8*3 and which contain 
less titan 13% of exclia;ugea))lc sodium as saline soils. In 1947 the workers of the 
Salinity Laboratory proposed to use as an index of salinity the electrical conduc- 
tivity ol' soil solutions which arc extracted from soils brought to saturation with 
distilled water. Soils with a conductivity grater than 4 millimohs per cm at 
2fV (] in tlu'ir saturation extract arc considered as saline. Soils with this conduc- 
tivity and with more tlnm 15% of exchangeable sodium are regarded as saline- 
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alkali and soils without much salts (conductivity less than 4 millimohs per cm in 
the saturation extract) but containing more than 15% of exchangeable sodhim 
are termed alkali soils. The alkali soil of tlu^ Americans correspond to the 
Solon etz of the Russians. However the classification of alkali soils into thcs(^ 
groups is arbitrary and does not stand scientilic scrutiny. But for the sake of 
convenience the terms are still used. 

In arid and semi-arid regions salt accumulation or the salinisation of a. soil 
may take place in several ways. The salts which arc formed in these r(*gions 
during the weathering of rocks may not be leached away from the locality but 
may be washed down from elevated places to depressions. There they gradually 
accumulate to form saline soils. Another mode of formation of saline soils is by 
the rise of salts from the lower depths to the surface of the soil. This happens 
when the water table is high, the ground water is rich in salts and evaporation 
from the soil surface is high in summer. This mode of formation of saline soils 
may take place even in semi-humid and humid regions if the salt accuniiilation 
is greater than leaching, fn many of the irrigated areas salinity and alkalinity 
have arisen in this manner. Salts may accumulate in soils when saline water is 
used for irrigation and when the land is frequently inundated by sea water. 

The evolution o(' the alkali soil from saline soils is a continuous |)roccss. The 
salts of the saline soil dissolve in tlic rain or irrigation water. As the sabs consist 
of sodium chloride and sulphate the sodium ions of the soliilion rcphice some 
of the calcium of the soil. 'I'htr calcium thus removed may or may not be lost 
from the soil ; generally it is lost. As the process goes on over a, mimlxu’ of years 
the soil gradually gets alkaliniscd to contain more than 15 or 25% of (^xclumgtaddc 
sodium in the colloidal complex. The soil is now a saline-alkali soil as it contains 
both soluble salts and exchangeable sodium, 'fins sort of dcveloi)mtmi also occurs 
in soils in which the salts rise ifrom the grotind water or from tlie lower depths 
of the profile. Alkali soil not containing much soluble salts may arise when water 
containing sodium salts is used for irrigation and wlicn tln^ drainage is not defec- 
tive. Under such conditions sodium gradually enters the (ixcliangc^ C(>m])lcx and 
an alkali soil is eventually formed without the presence of much solu!)le salts. 

After the formation of a saline-alkali soil, if the water table, by any means, 
becomes lowered, rain or irrigation water washes down tlumsalts. As long as 
sufficient salts remain -their electrolytic effect keeps the soil (loccnlated and llic 
permeability of the soil remains good. When liowcvc'.r, the soil comamlralion 
becomes low the soil containing more than 25% of cxchangcabh^ sodium loses its 
water stability and becomes dispersed. I'hc dispersion of the clay and humus 
is hastened and aided by the partial hydrolysis of the soda day lorming' sodium 
hydroxide and eventually sodium carbonate. The sodiuiu carlH)nate in tlic s()il 
solution at the top may dissolve some humus and wlicn the solution dries up 
dark patches are left behind. Such soils have been called ‘‘lilack alkali’* soils 
by Hilgard. The sodium carbonate found in such soils may also arista by (lie 
interaction between sodium sulphate and the calcivirn carbonate of llie soli since the 
solubility ofGaCXI^ is greater in sodium sulphate solution than in water. NauS(),^-f 
GaC 03 =-- NaoCO,^ I - CaSO<i. The second stage in the washing out of tfumsalis 
is when the dispersed clay and humus move down the profile aiul gin, (hqiositcd 
in the B horizon when the leaching proc'.eeds and the (exchangeable sodium 
are removed from the top soil the upper horizons may become mmlral or even 
slightly acidic while the lower depths are alkaline. Such soils have Ixam ca, lied 
Soionetz in the early stages and Solod in the later stages of dc^vcloimumt by 
Russians. 
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In Madras State saline and alkali soils occur in various parts in pockets 
as well as over large areas. A survey of the extent and nature of such soils has 

not been made although long overdue. The saline and alkali soils in Madras 
have developed from natural state of affairs such as topography— arid and semi- 
arid conditions, inundation by sea water, etc. Unlike in other parts of India such 
as in the Nira valley in Bombay and the Irwin canal area in Mysore irrigation in 
Madras has not lead to the development of alkalinity. This is because before 
any irrigation project is taken up the Madras Government have undertaken the 
soil survey of the ayacut area to find out the suitability ol the soils and water for 
irrigation. Only where damage is not likely or where the damage to the soil 
likely to arise on account of irrigation can be countered by simple preventive 
measures are the projects executed. Bor example the Mettur project (old Tanjore 
Delta), the lower Bhavani project, etc. were recommended as suitable and the 
Bhairavanitippa project was recommended with certain precautions and adjust- 
ments. Where there was any doubt as to how the soils would behave on irrigation 
experiments were undertaken to clarify the issue. Thus before the Tungabadra 
project was executed light and heavy irrigation experiments were conducted on 
the typical soils of the tract at Siruguppa. The Gandikota and Gundalkama 
projects were declared unsuitable either on account of the nature of the soil or 
the (juality of the irrigation water. 

Gypsum Is found in many soils including alkali soils. In Madras soils 
especially in Idack soils of the regur type, it generally occurs in the third or 
fourth foot and it is often associated with a high concentration of sodium sulphate 
and ('.hJoridc. I’he occurrence of such gypseous layers in soils has not yet been 
satisfactorily explained. It is pxmbable that in tlie black soils of Madras the 
sulphate ol' the salts including gypsum is obtained by the oxidation of the sulphur 
or iron pyrites or of sulphur bearing felspathoid minerals. 

KkFEGT OF SALIlNI-: AND ALKALINE SOILS ON PLANT GROWTPI 

It is well-known that plant growth is adversely affected in saline and alkaline 
soils and that under high salinity or alkalinity no plant will grow. 

EFFEOT OF SAL'FS AND THEIR IONS 

With regard to soluble salts in soils two kinds of effects are possible ; (1) 
ilie general elfect of the salts, and (2) the specific effect of individual cations and 
anions. The general effect of the salts is due mainly to the raising of the osmotic 
pressure of the soil solution round the root hairs. Magistad '(1947) obtained 
a linear rcarationship between the osmotic pressure of soil solution and the reduc- 
tion in the yield of tlie crop. The Regional Salinity Laboratory, U. S. A., (1947), 
has worked out a formula to find out whether a soil is suitable for crop production 
or not. The soil is mixed with small quantities of water and worked up to its 
sticky point. A portion of the liquid is then removed by suction. If it contains 
less than SOOO p.p.ra. ol salt or has a specific conductivity of 4 millimohs or less 
per cm the soil is regarded as suitable for the cultivation of most crops. If the 
solution contains between 3000 and 5000 p.p.m. of salts (specific conductivity 
between 'I and 8 millimohs per cm) crop yield decreases in proportion to the salt 
content and only the salt tolerant crops will do fairly well at the higher concen- 
tration. With 10,000 p.p.m. of salt in the soil solution (conductivity about 
15 miliimolis ptu' cm) crop production in the soil will be useless. The chief cause 
of the liarmlul elfect of high osmotic pressure is the inability of the plants to 
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obtain water for its use. So soils having high salinity require more frequent 

irrigation than those containing little salt. 

As regards the specilic effect o( the salts or their ions it has l>ccn shown that 

the borate ion is the most harmful and soil solution and irrigation water eontaiu- 
mg 2 p.p.iu. or more of l)orate is highly to.s:ic to idants. Next in the degree of 
toxicity aie ih<^ carbonate and the. bicarbonate ions. Carbonate has a. highly 
corrosive action on root hairs and the tender roots The bicarbonate ion as such 
is probably not very luirmfui but it can easily be converted into carl)oaate and 
IS therefore potentially harmful (Wilcox ct al, i954). Gldoride and sulphate arc, 
however, the ions most commonly found in saline and alkaline soils and o(' these 
most plants are more tolerant of the sulphate than the chloride ion. Tlu; plants 
most sensitive to chloride are the citrus family. It is, liowever, difficult to isolate 

the effect of the anion from that of the accompanying cation and so the coiiclu- 
siono about the effect of the ions should be viewed with caution. But it is believed 
that sodium ions (in solution) as such are not any more harmful than other cations. 
Ihe obseived had effects of alkaline soils and attributed to sodium arc iiroliahly 
due to the non-availability of calcium and other nutrients. 


AOSOKliBI) CA'l'rONS 


Of the absotbed <-atiotis in saline and alkaliiu^ soils t,lic most iinporiaiif is 
sodium. When this is present in c.xccss of 25% of the exchangi; capacity in tfic soil 
it has been shown to have highly toxic ellect on plants. Bower and Wedleigh (’l94B) 
found crop production in a soil to decrease with incrimsing amounts of exchangeable 
sodium reaching a minimum when three- fourths of the soil corniilcx is dominatetl 
by this cation. The same authors ( lOdO) fovuid exchangeable siKliiirn t<. be more 
harmful than an equivalent amount in solution. The harmful (dfect of exchangcaldc 
sodium IS due not only to its direct toxic, effect hut also to the fact that its- ore' 
sencein large quantities renders calcium unavailable and brings aliont an niifavou.v 
able physical condition of the soil. Sodium liydroxide and carbonate resnltini-' 
from the partial hydrolysis of sodium soil also cnliances the pH of the soil with 
the consequent unavailability of phosphate and other nutrients to the plaiil Root 
development of plants in a soil saturated with sodium is praetitndly nil 


Magnesium IS another metallic cation which has been found to he h innfnl 
when present in exce.ss in the exchange complex. Vlamis, (IfMP) Idmul tha 
lettuce plants made no growth in a soil saturated witli rnagnesimn. Mufousium 

onf o I.owcvcr, showed 

that if 20/ ol the exchange complex of a .soil eon.si.sts of calcium and th<- rest 
of magnesium the soil was not toxic to l.utucc. Tf.e harmful cireci ofexccs ivc 
magnesium IS probably due to the non-availability of calcium and the had of v 
sical condition it induces. ^ ‘ 


CONTROL OF SALINITY 

If a soil contains only a fair amount ofsolublesaltsthcsalinitycaahe 
controlled so that crop production is made possililc. The salt comamtration in 
the soil solution should be reduced so iliat osinotie ('IFeets are preelud(‘(l 'I'hr 
water used for irrigation should contain as little of soluble salts a.s nos.sihlc T1 ,• 
soil should DC Hooded to wash out the salts l)cfor<^ sowing s<a'(ls Ap iin -is 
young seedlings are mure sensitive to salt concentration than well. r.siaV.lislu' 
plants heavy irrigations should be given in the early stages of ifiv ; „ ! 

the salt concentration. Evaporation of water from the soil surfa.le .slum c 
reduced to the minunum and lor this a mulc.li is ellec.tive. It is most i uj ri t 
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to have an effective drainage system so that the salts may be washed down into 
the stib-soil below that root zone. Of the three types of drainage systems in 
use, namely the open ditch drain, the tile drain and the pumping system, only 
tlie open ditch system is practicable under the conditions in India. The pumping 
system of lowering the water table, however, has the advantage that the water 
table can be lowered to any desire depth and that the water pumped out may, 
if it is not saline, be used as irrigation water lower down the terrain after mixing 
with good water. 

McGeorge and Wharton, (1936) has developed a ridge method of cul- 
tivation for saline soils in the Salt River Valley in Arizona. In the method 
the land is thrown up into ridges and water is let in between the ridges. Salts 
accumulate at the top of the ridges leaving the sides and furrows with less salt 
at each irrigation. Lettuce was successfully grown on the sides of the ridges. 

RECLAMATION OF SALINE AND ALKALI SOILS 

The reclamation of saline and alkaline soils means their conversion into 
normal soils fit for the cultivation of crops. The improvement can be effected 
by removing the causes of infertility, namely, the high content of soluble salts 
and/or tin; high amount of exchangeable sodium and sometimes magnesium 
present in the soil. The soluble salts can probably be removed by leaching with 
waum and the exchangeable sodium and maenesium can be replaced by calcium 
with the help of a soil ameliorant like gypsum 

Na soiTi CaS 04 > Ca soil+Na.^SO^ 

Mg soil-l CaS 04 > Ca soil+MgSO^ 

The salts present and those formed should be dissolved and removed in 
drainage water. So the most imperative requirements for the reclamation 
of saline and alkaline soils arc a supply of good water and an efficient 
system of drainage. The water tabic in the soil should be lowered so that the 
pcrcx)lating waters carrying the dissolved salts are removed beyond the root zone 
of the plants. 

Leaching, i.e., the flooding of the soil with water and the removal of the salts 
in the drainages water, has been employed in the reclamation of saline and alkaline 
soils by Kelly and others, especially when the soil contains reserves of calcium 
carbonate. In purely saline soils each leaching will lower the salt content. Cal- 
cium carbonate present in the soil will, to some extent, dissolve in the salt 
solution and the dissolved calcium will replace any sodium that may be present 
in the soil complex. When the salt content becomes low enough by leaching, 
green manure crops, preferably legumes, may be grown and incorporated into 
the soil. The carbon dioxide liberated by the crop roots and that formed during 
the decomposition of the plant residues will bring into solution sufficient calcium 
carbonate from the soil and convert it into a calcium soil. The incorporation 
of the organic matter also improves the physical condition of the soil and it is 
now fit for crop production. 

In a saline-alkali soil also leaching will bring about some improvement of 
(lie soil As lottg as there is sufficient amount of salts in the soil the permeability 
will be’ good, but when the major portion of the salts are washed out the 
sodium sfoil gets dispersed. The permeability falls considerably and the rate of 
Icadung becomes so slow that no perceptible improvement will be noted for 
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years. Under sucli conditions a soil a.nicliorant should be einjdoyed to I)r!ng 
about the reclamation. d’h(^ materials used for th(m)nri)ose a,r(^ f.^ypstun, .sulphur, 
ferrous and aluminiam sulphatt's, snlj)hiiri(’. acid, li(|uid sulj)lmt: dioxide, bulky 
ori^anic manure's, (‘tc. d he ])ur|>ose in addini? th'‘S(^ anudioranls is lo luwu'r (he 
pH of the soil, to improve its penm'ability and (o (‘onveni the sodium .soil into 
a predoininantly calcium soil. 'Tlu'sc^ materials (‘xia'pt^ |,ty|r;uin <h> luM (•(uUai.u 
calcium and there should be sullieumt (‘.alcimn caxlionate iu the soil for (hem to 
be fully elfcctive. Calcium carlionatc is practically insoluble a,nd iuacdvc' in 
alkali soils above pH B-f). By loweriiip; the pll calciuin carb()nal(ma\S(‘rve iif the 
soil is brought into solution and the soluble calchun replaces exehangt^ sodium 
to give a calcium soil or a normal soil. 

Gypsum is calcium sulphate which occurs abundantly in natmu'. in many 
parts of the world. It reacts with the sodium complex of alkali soils and converts 
it into the desired calcium soil. It also reacts with any sodium carbona(<% that 
may be present and changes it into the less injiirions sodium snli)hat(' 

Na soil+CaSO,i > Ca soil | Na.,S( h 

NriaCOa+CaSO^ N a^SC + ( la( X )a 

In botli the reactions sodium snlj)hat<MS formed, d'he sohdiility of gy{)sum 
in water is low; it is still !<'ss so in sodium snlpluUe Kolntion. So in <jrd(‘r ihal: 
gypsum shotdd be an eOeedvi^ agent in recdaination, thc' soil should lie frequently 
Hooded and drained. Shawarabi and Abdel- Bar, (iqrvl)have formnlattal a 
sirni)le method of estimating tlu^ amount of gypsum (o be added to redaim alkali 
soils. 10 grns of the air-dry soil are: titrated with irunanasing annauit (>f N/bt) 
sulphuric acid to reduce the ])H to B 0 — Bib Ihieh cul)ic centimeter of N/bO std- 
|)huric acid indioatixs thc addition of 1 ton of gyp.sum to the soil to a dcqith of 
20 ern per acre. 

Sulphur incorporated into alkali soils is slowly oxidi/aul to sidphuric acid 
by sulphur oxicli/ang bacteria, d'hc acid neutralizes any sodium earbonaie (hat 
may be present and lowers thc pH of thc soil. 'Fhe acid also riMCts wbh (he, 
calcium carbonate of thc soil to give calcium sulphale whidi rcpla.c(*s the' .sodium 
of thc soil : — 

2S+3(}.+2Hi,() ->2:MaSO, 

Ferrous and aluminium sulphatc^s hydrolyze in wati'r to form sulphuric' a<’id 
and the corresponding hydroxides which lat('r become inert in the soil 

FcS( ),i + 2H()H ~ >kV(( ) 1 1), + I l.S( ), 

1 <> 

Fc(OH), 

Al, (804)3 + 1>H0H + 3 HaS( q 

The sulphuric acid brings about thc reclamation of alkali soil as under 
sulphur. 

liquid sulphur dioxide may he dissolved in the iiri/pition water wIh'u is 
forms sulphurous acid. This is easily oxidizaal to snli)hurie acid, Tlie I'osi of the 
chemical however, is tlie chief factor against its usin 

Farmyard manure, composts, and greim manure.s arc also u.sefui in inclaim- 
ing alkali soils. Molasses is claimed by Dhar (Ibati) to b(*, very suitable for tlie 
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purpose These organic substances produce acids during their decomposition and 
reduce the, pH of the soil. They also open up the soil. The carbon dioxide result- 
ing troin their decomposition bring calcium carbonate into solution as calcium 
bicarbonate and help in replacing exchangeable sodium with calcium. However 
the (hlect of the organic materials is slow and spectacular results cannot be obtained 
as with chemical ameliorants. 


'riic most commonly used agents for the reclamation of alkali soils are gypsum, 
sulphur and organic manures. In India sulphur does not occur in nature in large 
quantities and has to be imported. So it it costly and is not generally employed. 
Gypsum deposits are however found in many parts of India. The material is 
cheap and is used for the improvement of alkali soils. 

It is fortunate that, under natural conditions, it is not necessary “to remove 
the soluble salts and/or the exchangeable sodium of the soil completely before 
plants can be grown on them. After some improvement when the soil can support 
it, a salt tolerant green manure crop, preferably a legume may be grown. The 
plant roots help to improve the premeability of the soil by forming cracks through 
which water will move downwards. The carbon dioxide let off by the roots will 
reduce tlie alkalinity. The green manure crop should then be ploughed in. This 
will o])en up the soil. The carbon dioxide of the decomposing organic material 
will further improve the alkaline soil. The soil is now good enough to grow 
iiormal crops. Salt tolerant varieties of paddy such as S.R.B. 26 may be success- 
fully ctillivatecL The drainage system should be kept efficient to maintain the 
improvenumt already effected. 

In many parts of the world reclaimed alkali soils have deteriorated. This 
was because the drainage became defective and the re-accumulation of salts and 
the re-alkalinisation of the soil took place. 

The methods of reclamation described above have assumed that sufficient 
water is availing for the flooding of the soil. There are several areas in all parts 
of the world where wat(‘r is scarce. In such regions the reclamation of alkali soils 
has h(*en rc^garded as almost impossible. In Madras, however, attempts have been 
made witli some success to improve alkali soils under dry conditions (in places 
wher(^ water is scrace) by using the water received as rain. 

RECLAMATION EXPERIMENTS IN MADRAS 

Stweral alkali land reclamation experiments have been successfully carried 
out by the Agricultural Department of Madras. The mode of attack is based on 
the texture of the soil. In heavy clay soils gypsum at 10 tons and sulphur at 1 and 
2 tons per acre have been found to be very effective. A piece of barren land at 
Mettumarudur in Tiruchirapalli district where not even grass would grow was 
converted into excellent paddy land. One year after the start of the experiment 
the paddy crop gave a yield of 1,000 lb per acre. After a second green manure 
crop was ploughed in the yield was raised to 3000 lb per acre in the gypsum plots 
while the control plots remained as barren as before. Effective open trench drainage 
was maintained throughout the experiment. 

In a sandy soil at Pattukottai containing about 10% of the finer fractions, 
wiili low soluble salts but with a very high degree of alkalinisation gypsum at 1 
and 2 tons was found ineffective in improving the soil. But, through reclamation 
weis obtained with green leaf at 5,000 to 7000 lb per acre and with molasses at 2| 
to 5 tons. Gypsum probably rendered the light soil highly porous for the cultiva- 
tion of paddy. 
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In the reclamation of alkali soils under dry conditions (wheti water is scarce) 
at Guntur the tia^atrnents tried W('r(^ bunding, application oflicavy dost's ol'eaith^ 
manure (40 tons per acre) and soil inulching. 'riu'. water r<au4v(‘cl as rain was 
used for washing down the salts. A marked (lecianisi*- in ilu‘ salt c.onU'nt was noted 
in all the treatments the maximum iniprovem<mt being in cattle matmre ])lots. 

Improvement of sea, inundated soils eotdd Ix^ (dleett'd by washing away ilie 
salts with good water provided the drainage is good and bulky organic manures 
are incorporated when r<iS(M’ves of ealciiun carbonate are available. (Jypsum may 
be added when calcium in the soil is low, 
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ROLE OE ROCK PHOSPHATE. BASIC SLAG AND CALCIUM CARBONATE 
MIXED WITH SUNN-HEMP {CROTOLAIUA JUNCEA) AS ORGANIC 
MATTER IN RECLAMATION OF ALKALI SOIL 

By 

S. P. MITRA, S. K. GHOSH and RAGHUBIR SINGH 
Sheila Dliar Institute of Soil Science, University of Allahabad 

(Received on 17th December, 1954) 

Alkali soil occurs in hot and arid and semi-arid regions of the world. It is 
one of the most important resources of the world that can be effectively utilized 
to meet the food problem of different countries. Alkali soil is expanding in 
areas where new and artificial methods of irrigation have been introduced. It has 
often been found that alkali salts begin to spring up de nevo where none was 
present. 

Earlier workers attributed the toxicity of this soil to the presence of soluble 
salts and lh<^ general opinion was that their removal through leachirg was 
possible. 'Phis melhod did not prove helpful and no permanent cure was obtain- 
ed. Bcrtholet, Mondesir and Hilgard pointed out that the toxicity was due to 
the ))resence of free alkali like sodium carbonate. Lipman' suggested the 
use, of sulphuric acid and sulphur in reclaiming these soils. Hibbard^ working 
on the suggestion of Lipman found that gypsum could be used in neutralizing 
the alkalinity caused by sodium carbonate in the soil. Gedroiz, Hissink, de 
Sigraond, .Joffe and Kelley definitely believed that normal soil consists mainly of 
calcium clay but under adverse condition excess of sodium salt react with clay* 
portion and produces what is known as sodium clay, which is the main cause of 
the formation of alkali soil. For any permanent cure the first essential factor is 
to convert the sodium clay into calcium clay with the help of any calcium rich 
compound. Gypsum, calcium carbonate, calcium chloride, ^ sulphur and alumi- 
nium sulphate have been used in reclaiming alkali soils. 

Dhar* writes “Unlike the soils of temperate countries the Indian soil is 
deficient in organic matter and in total nitrogen. This significant fact must be 
taken into account in studying the problem of alkali soil reclamation in our 
country. Unless an attempt is made to raise the carbon and nitrogen status of 
soil, mere addition of inorganic chemicals to lower the pH values of soil will not 
be of much use in reclamation process.” 

Following the above principles of reclamation, organic matter mixed with 
(liUcrcut amcndinenls have b(;en tried for the reclamation of alkali soils. 

EXI’ERIMENTAI- 

Alkali soil used in tliese experiments was obtained from Soraon, a place 
ai»proximately Li miles from Allahabad. It was dried and sieved through 100 
nu'sh. Smm-hemp of thrci^ mouths old green sample with nodules was dried 
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and chopped first with a hand implement and finally ciil to small ineccs with a 
mechanical chopper. 

200 grams of alkali soil was lalam in caiimclled dishes and were mixed with 
•sunn-hemp in two dozes (1 :5 and 2() grams). Amendmems like roek f)hospha(e, 
basic slag and calcium carbonate were also ns<Ml in two do/.es ( I % and 
These experiments were eontinued for seven nionllr-’ diiriiiK \yhieli period they 
were waterd with distilled water ami stirred np onee or twice a week, The 
estimation of exchangeable calcium was done by llissiuk’s melliod,*' pll was (huer- 
mined colorimctrieally* in 1: 2-r) extract of the soil in normal polassinm ehloride 
solution and carbon was estimated l)y the method of Robinsoji, Meleaiis and 
Williams.’ 

RESULTS 
'FABLE 1 

Clomposition of oven-dry soil 

1)11 lO'O 

M'otal carbon O'Ki.hO^ 

Total nitrogim I) 

CJaO ' ()-l()lfl% 

0 - 1 :)(,!!% 

I'',.xehang<uililt^ (la H-!i7;!0 m.e.';' 

TABl E 2 

I’ereamtage composition o( Siinn-liemp 

'I'otul ciirbon ;i7'70l 

Total nitrogtm 1 '2112 

(laO 2- 100 

MgO 0-1 CO 

l\iK i-r>iB 

TABLE h 

Analysis of Rock phosphate and Basic slag on oven-dry basis 
Rock irhospbate Basie, slag 

% % . 


MgO 

0-71 



2 ■Ik') 


Carbonate 

5-31 



!3-82 



■J’ABLE 

4 




200 grams Alkali soil + 13 

grams 

Sunn-htuu{) 



Doze of Carbon 

2 

months 

•1 inonilis 7 

[uonths 

Amendment 

amendment (%) 

1)H ” 

I'lx.Ca. 

pH I'iX.Ca, pi I 

Ex.( la 


{%) 


m.c.% 

\n.t\% 

in.e.% 

1 . Control 

2-47 

0*8 

'1*20 

‘)-7 ■! !!l 'l-l 

rj.ijii 

2. Calcium carbonate 

1 2-47 

0*7 

fVOO 

'1-4 B-y 

(i ■,'•.() 

3. Basic slag 

1 2-47 

0*(i 

84 if) 

‘I 3 li-17 W'l 

Ii ‘ID 

4. Rock pliosiiliate 

1 2-47 

0*8 

8*80 

'(■y ti Bf. .B’h 

7'-ll) 

5. Calcium car])onate 

2 2 ■■17 

0-7 

8 ‘74 

ll-.h 7.3:! B-l! 

7 'By 

6. Basic slag 

2 2'47 

0*0 

84M 

'.I'll 7 -(k') ii'7 

B (Ml 

7. Rock phosphate 

2 2-1-7 

0*'i* 

0*28 

!)•() B'iT. i!-2 

!l-7-l 
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TABLETS 


200 grams Alkali soil+26 grams Sunn-hemfS 



Doze of 

Carbon 

2 months 

4 months 

7 months 

Amendment 

amendment 


pH 

Ex. Ca. 

pH Ex. Ca pH 

Ex, Ca. 


/o 

% 


m.e.% 


m.e. 5 

^0 

m.e.% 

1. Gontrol 

... 

4-59 

9-7 

4-50 

9-6 

5-32 

9-2 

5-92 

2. Calcium carbonate 

1 

4-59 

9-6 

5-70 

9-4 

6-21 

8-6 

6*75 

3. Basic slag 

1 

4-59 

9-5 

5-75 

9-3 

6-37 

8-6 

6-90 

4. Rock phosphate 

1 

4-59 

9-5 

5-95 

9-1 

7-03 

fc'4 

7 ’82 

5, Calcium carbonate 

2 

4-59 

9-6 

5-87 

9-4 

7-50 

8-7 

8-33 

G. Basic slag 

2 

4-59 

9-5 

5-95 

9-2 

7-81 

8-6 

8-52 

7. Rock phosphate 

2 

4-59 

9-4 

6-54 

8-7 

8-62 

7-9 

9*31 


TABLE 6 

Carbon oxidation during reclamation 


Doze of Sunn-hemp Carbon % carbon left 

Amendment amendment (grams) % 2 months 4 months 7 month-! 

7 

/o 


1. 

Control 


13 

2-47 

1-926 

1 820 

1-740 

2. 

(^jonlrol 


26 

4-59 

3-246 

3-010 

2-800 

3. 

Calcium carbonate 

1 

13 

2-47 

1-643 

1-420 

1-210 

4. 

Basic slag 

1 

13 

2-47 

1-730 

1-520 

1-320 

5. 

Rock phospliatc 

1 

13 

2 -47 

1-850 

1-648 

1-467 

(i. 

Calcium carbonate 

1 

26 

4-59 

2-671 

2-350 

2-040 

7. 

Basic slag 

1 

26 

4-59 

2-854 

2-640 

2-420 

B. 

Reck phosphate 

1 

26 

4-59 

3-160 

2-870 

2-593 

9. 

Calcium carbonate 

2 

13 

2-47 

1-579 

1-311 

T052 

10 . 

Basic slag 

2 

13 

2-47 

1-676 

1-401 

1-160 

IL 

Rock phospliate 

2 

13 

2-47 

1-760 

1-558 

1-351 

12. 

0 a 1 ciu m car b o n a tc 

2 

26 

4-59 

2-471 

2-010 

1-610 

13. 

Basic slag 

2 

26 

4-59 

2-617 

2-210 

1-810 

14. 

Rock phospliate 

2 

26 

4-59 

3-064 

2-770 

2-470 


DISCUSSION 

I'hc foregoing results show that the highest fall of pH and highest increase 
in exchangeable calcium take place in samples treated with rock phosphate in 
conjunction with sunn-hemp. Basic slag is slightly better than calcium carbonate 
but dehnitcly worse than rock phosphate in decreasing the pH and increasing 
the exchangeable calcium status of the soil. 

The role of these sparingly soluble calcium rich substances in reclamation 
of alkali soil is explained by the fact that they supply calcium ion by the action 
of carbon dioxide produced during the decomposition of organic matter. The 
calcium ion removes tlie sodium Ion from the exchange complex leading to the 
incrcuist*: in exchangeable calcium. 

Ga, (PC),) . 4 H,G 03 = 2 Ga (HGO,), +CaH, (PO,)^ 

G^iGO, H- H,G0, = Ca (HG 03)2 
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kusselP and Magistad^® cla]ir.ed that cnibcn dioxide produced during tlic 
decomposition of organic matter in ioil disuhes in vsattr to foiin cailx nic acid 
which increases the solubility of calcium caibonatc iu the soil. 

The usefulness of rock phosphate is due to the fact that it <h)c*s not contaiu 
so much carbonate as in calcium carbonate or ha, sic slag. This may be llie reason 
for its improving alkali soils better than any other amendment used in liaise 
experiments. The oxidation of organic matter was lughe.st in ihe^ lirst; .sixty days 
after which it slowed down. Maximum oxidatitm was ol)serv(Hl in tlie sainples 
treated with calcium carbonate. Rock phospliatc tnaated samph^s underwent the 
least amount of oxidation. This agrees well with, the well establislnal hiw that 
alkaline material enhances the oxidation of any system to which it is added. 
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STUDY ON THE CHARACTERISTICS OF ALKALI SOIL PROFILE 

By 

S, P. MITRA and HARI SHANKER 
Sheila Dhar Institute of Soil Science, University of Allahabad 

(Received on 17th December, 1954) 

There are vast tracts of alkali lands in U.S. A., U.S.S,R,, Hungary, India 
and other parts of the world, Hilgard^ in America, Gedroiz^ in Russia, Sigmond^ 
in Hungary and Hissink'‘ in Holland have contributed to an understanding of 
alkali soils. In India Voelcker,® Hoon and Mehta®, Puri,’ Dhar and co-workers® 
and Lcather^^ have done a lot of work on this problem. Leather’® in his report on 
** Investigation on Usar Land in U.P.” has also mentioned about the occurence of 
alkali ])atchcs in fertile wheat and jawar fields of Aligarh and Mathura districts. 
*‘The Usar Land Reclamation Committee, United Provinces”^’ has also mentioned 
about th(^ occurence of usar patches which are associated with the fine textured 
alluvium of Canges river. 

In this paper we have studied the morphological as well physico-chemical 
properties of alkali soil profile from Soraon, near Allahabad. The morphological 
study, mechanical analysis, base exchange capacity, natural moisture, dispersion 
factor and the chemical analysis were carried out systematically. 

METHODS AND MATERIAL 

After digging tlic soil profile, the soil was collected from different layers in 
gunny bags and were brought to the laboratory, and then was spread in thin 
layer. The soil wsts stirred frequently and was completely air-dried. The clods 
were then crushed and the soil was sieved through a- 2 mm sieve to remove the 
stones, gravels and extraneous organic matter. 

Mechuical analysis was done by the pipette method decribed by Piper. 
Base exchange capacity was done according to the method of Pipei.*® Exchange- 
able calcium and magnesium were estimated by Hissink’s’^ method. In every 
case the pIT was determined by Beckman pH meter. Water soluble salts were 
estimated by the method described by Piper.’® Natural moisture was estimated 
as follows : — 

Soon after the profile samples were taken, a weighed amount of sam- 
ples from each layer were dried at lOO^G to constant weight and the loss was 
reported as natural moisture. Dispersion factor was ptimated according to the 
method of PuriA® The complete chemical analysis of each layer was done by the 
metliod of Knowles and Watkin.” 
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tUvRiii.Ts and nisottssroN 


'rAlil.l'', I 

Alorplioloj'u'al sindy 

l)t;pl;li in Morplioloini-al cliaractlnrislics 

inohcs 

0—6 Whilisli (paty, (ViahU; in cniislilminn, siruidiiiadnsfi, slunv rlUnrrscciK'c* 

on the surface, no plant root vi.sil)Ic, i)ink colour with plicnolplitlialcin, 
gave the pH range b(‘tW(tcn 10 — 11 with univi'rsal iiulicator. 

G— 12 Dark grey with yellow white patches, clayey, campaet, tenacious, 

easily rupturable, kankar present, no definite structure, pink colour with 
phenolphthalein, pH ranges with universal indicator l)etw<'eu 10— 11. 

12—24 Dark grey without any ])atch, <'.oinpact, tenacious, clay<-y, large 

amount of kankar pn'sent, structureless, iiink colour with pheolph- 
thalcin, pH ranges with universal indicaUor !)— 10. 

24 — IIG Bnjwnish grey, small patches, less eompaet, small eoncreiiot), j)ink 

colour with phenolphthalein, pH ranges with tmiversal indicator Itetween 

9 — 10 . 

3G— 4B Sonunvhat as above, more rmust than above, pink colour with 

phenolphthalein, pH with universal indicator ‘t — 10, 

48—1)0 light yellow witli brownish and black spots, pink cnlonr with 

phenolphthalein, pH with univtu-sal indicator varies between 9—10. 

60— >2 light yellow, less compact, pink colour with phcnol[)hlhaicin I'H 

ranges with universal indicator between 9- It). ’ 

Mfchanical mnpo.sUiim.—ln usar soil permeabiUtv of water is low and soils ,«tet 
hard when dry. It is dear that it is the disp<'rse<l [)hase of the soil, wliieh due to 
the cementing action of clay colloids, is resi)onsible for this phenomrumn. I huer- 
raination of silt and clay were, made from tlm soil samples to eiueidate their 
function in eharacterisation of alk.ali soils and the results have hern recorded in 
table No. 2. 


'I'ABr.E 2 


l)c|)lh 

in indues 

Cliiy 

7, 

Silt, 

0/ 

’Folal 

o/ 

(). 

-f) 

M-2() 

/o 

4()-;5() 

% 

fU 'fiO 

()- 

-12 

i(;-2i 

r)8-t)i 

7"1’22 

12" 

-24 

17 •.')() 

til -86 


24- 

-S() 

llr()2 

4<)-7() 

6'r72 

SC)- 

-48 

12T)() 

46-65 

5)9 if) 

48- 

-60 

11-91 

48-62 

1)0*551 

60- 

-72 

12-40 

44-15 

!)(i‘5!) 


It is clear from the above tabh^ that the p(uecntage of silt and < lav is hit-hrsf 
in second and third layer. This may he atirilnued lo the following (arts ' 

1. Most of the kankars consist of parlidrs below l)'l)t)'» nun whi- h add 
to the clay content. 

2. Eluviation of day from neighhouring arras to (hr alkaline latid. 
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3. Low lying areas contain large amount of clay leachings from higher 

land. 

4. Vertical leaching of clay and clay content in second and third layer. 
■rhi.s generally takes place due to the mobile dispersive action of clay. 

The base exchange capacity, exchangeable Ga and exchangeable Mg and pH 
have been recorded in table No. 3. 


TABLE 3. 


Depth in inches 

Base exchange 
capacity m.e. 

Exchangeable 
Ca m.e. 

% 

Exchangeable 
Mg m.e. 

% 

pH 

0— f) 

/o 

6-94 

/o 

2-06 

1-15 

10-3 

6—12 . 

9-21 

3-78 - 

1-02 ■ 

10-1 

12—24 

13-50 

6-73 

1-16 

10-0 

24—36 

12-46 

6-38 

1-40 

9-8 

36—48 

10-67 

6-34 

1-32 

9-6 

48—60 

11-74 

6-42 

■ 1-50 

9-4 

60—72 

11-35 

6-83 

1-52 

9-2 


From the data in table No. 3 it is clear that the base exchange _ capacity is 
highest in tln^ layer of soil between 1' — 2', which may be due to the influence of 
clay colloids which arc also present in sufficiently high concentration in the layer 
mentioned. It is also well-known that base exchange phenomenon is, to a greater 
extent, influenced by the presence of clay colloids. The calcium associated with 
Ga soils arc responsible for the flocculation of soil colloids in fertile fields. But on 
the other hand, as otir experimental observations show, the concentration of diva- 
lents i.t!., (ki and Mg is highest in lower layers. This may be attributed to the 
fact that the divalents might have been leached down in the lower layers. The 
pre.sence of monovalents is responsible for the deterioration of soil structure. 
Magnesium is found in wide variation in each layer. 

Total water solubles, natural moisture and dispersion factor have been 
determined and the results have been recorded in table No. 4. 


TABLE 4. 


Depth in 
inches 

0— G 
(i— 12 
12—24 
24—3(5 
3()— 48 
48— (it) 
(it)-72 


Total water 

Natural 

Dispersion 

solubles 

0/ 

moisture 

factor 

0-324 

/o 

12-93 

10-20 

0-312 

18-61 

12-31 

0:296 

18-59 

12-53 

0-187 

19-53 

11-70 

0-165 

20-47 

11-98 

0-163 

21-30 

10-76 

0-156 

21-76 

10-65 


F'rom the above table it is clear that the salts show the tendency to migrate 
m, decrease being gradual with depth. This may be due to the lateral 
up, the. CfOin the iieighbouring The.se salts then leach down or 

;^am ' u; in ffie^ respectively. This is generally the 
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common phenomenon in a.U usar S(h1s. Aga,!n il will be .seen from thc^ fore, cooing 
tal)lc tliat the nalnral moisture is higher in lovv('r layer which may Ik' chic to the": 
high clay colloid content of the nsar j^rofile, in lower layc'rs. i’ht^ lowcn* layer might 
l)e rich in Na saturatcul ahisorption complex^ a.ncl c'.onscajmaillv Imve a high imbibi- 
tional and swelling capacity on being moist ajid Innu'c tin* natural moisture is 
higher in lower layer’s than that of upper ones. Dispersion factor is also liiglnu' 
in lower layers which may also be attributed to tin*, above nnmtioned f 4 U"ts 

The results of chcnnieal analysis have': been rccordcai in tabic No. 5. 

TABId-: 5 


Depth in 
inches 

Loss on 
Moisture ignition 
0/ 0/ 

HCI 

insoluble 

% 

h e2C ) 2 
% 

CaO 

% 

MgO 

% 

Uh 

Vo 

K.O 

0/ 

0— 6 

I -37 

/w 

8-18 

/o 

88 -(M' 

/o 

1*20 

/Q 

1 -GB 

/O 

1 -52 

/o 

0'178 

/O 

O-fiBG 

G— 12 

I -52 

3-02 

G3-E)4 

2*10 

1 -74 

1 -GB 

()-2M’ 

(hGhO 

1 2—24 

I -Gr) 

3-78 

5G-G7 

2*48 

I -N! 

1 '2 1 

O-IOh 

0-fi'!2 

24— SG 

I -42 

3-S)2 

4'8-88 

2*44 

1-87 

(i-nn 

O-Olh 

0-4-70 

3G~4B 

I -5 1 

3-20 

58-18 

2'h2 

l‘7it 

1 -OB 

o-irM 

()-48i) 

48— GO 

I -82 

8- If) 

47 88 

T72 

! 'OB 

()-G8 

(l>()71 

O-GOl 

(iO— 72 

I -81 

2-87 

(i8-<)4 

2*80 

1 'B'i 

0'7(i 

0-(Hi7 

0-Ill> 


It is dear fr(»m the tabic* No. h that as w<* go iii> from lower tj» u|>|)m’ one*?; 
the PssOf,, KjiO and !MgC) goes on increasing* Silica varies marktuUy in cucih layer. 
On llie other hand CaO and h’CoOjj goes on increasing from upper layers to lower 
layers. From column No. l\ of the table No. 5 it can lie eonduded tliat 
the organic irn'ittcr is somewhat higher in third and fourtli layers in com|>ariHon 
to other layers. M1us may be due to tlie presence of some plant r(\HidueH and 
other organic matter present in these two laycnss Cird and I th). In ujiper layer tiu* 
organic matter is also in lower concentration. Il seems that dm* to tin* acnion cd' 
light and high temperature in troiucal countries^ likc^ ours» and also due to (hr 
presence of alkali salts in higher concentrations in the upptn* hiyer,^ which help 
oxidation, the organic matter might have l)een dccomposcal and tliat is why the 
percentage of organic matter is less in the u|)i)crmost layer. It has been 
reported by Dhar and co-workers that light facilitams oxidation ol‘ orgariic. matita*. 
It is well-known that alkali also favours oxidation of organic muttc'r. 

SUMMARY 

The morphological, physico-chemical and medianical analysis of alkali soil 
profile (0 — 72 inches in depth) brought from Soraon, Alluliabad, have Inam 
studied systematically. The results show great variation in tlndr morf)hologi<*al, 
mechanical and chemical characteristics, 'i'lic chemical analysis of ditid’cnt 
layers shows that the upper has a low organic matter content ami rich in alkali 
salts. This has been attributed to tlie fact that these alkali salts facabtale in (he 
decomposition of organic matter. Moreover high int(‘nsity of sunlight, in (he 
upper most layer, helps the oxidation ol' organic nmtom. 
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EFia^Xrr OF StlN'M-MEMF AND AlVFA'f.l’A ON 'FD'I*: RirrARDA'OON 0!<^ 

NrrR()(;i<:N L()Ss, wni-VN ammonttjm sirr.RirA'rR and 

bODIUM NITRAl'E ARE ADDED IX) ALKALI SOIL 


fiy 

S. P. MITK A (iTHi HART SIIANKKR 
Sheila Dhar Instil ute of Soil Science, Univi rsHy of Allahabad 

(Received on 25th December, 11)54) 

Of the three principal fertilizing eleinentH reqnir<a1 l)y tlu' |)lant.s-«“nitr(>gcn, 
phosphorus and potassium, — nitrogen is (h<‘ most im|K)rtant (dement. Bnt inorganic 
compounds lik<; ammonium salts ami nitrates do not remain for a long time 
in the soil without undergoing serious losses, due to the elusivf* nature of nitro'* 
gen. Lolniis and Fred* have reported that in li(dd e)ci>eriirumt of (our years dura,* 
tion, the following plant food materials were takeit olFijii the mamu’ed ('rop a « 

Nitrogen % Rhosphorus^ Ih)tussinm % 

7*8 10*1— 7r)*b 22D~8rrl 

Thus it is clear that out of the thiaa':: ntitrienls, the rtu'.ova'ry of tiitrogert 
is the 1ow<?.st, nr., about 40 — 50% at the most, wlxereas tlie recov(!ry ol‘j)hosph<e 
rus and potassium is as high as 70 — 80%. Russell and Rieliards*^ a,ud others have 
also shown that when the conditions for oxidation arc favourable, the loss of 
nitrogen takes place in gaseous state. Japman and JOair** also ol)S('r\'(‘d losst^s of 
nitrogen in their experimentss. 

While dealing with the losses of nitrogen from the soil, Rm>sell* has s(r(rss(!d 
that losses arc due to leaching and formation of volatile compounds. vv4u(di 
liberate nitrogen. Willis and Sturgis® have shown that nitrogen can be lost to 
the atmosphere as ammonia and it can be of considerable importance in alkali 
soil, under hot and wet conditions, such as occur in many ])a,d(ly rive, Ihdds. Dhar** 
has explained the loss of nitrogen on clicmical and photo-elumneal basis. 'Fids loss 
of nitrogen has been explained by Dhar as follows : — 

Ammonia while being oxidized is converted into nitrite: during the first stai/e 
and thus along with free ammonia ions present, form ammonium nitrite which 
readily decomposes on account of its unstable nature into nitrogem aud watitr. 

NH4NO,->No d 2IDO I 7 1 8K( lal 

The photochemical view of nitrification and uilrogt'u loss put forward bv 
Dhar has been supported by many workers from diffenait |)arts of the world. 

METHOD AND MATERIALS 

The total carbon was estimated by the method of Robinson, M(:hem aud 
Williams.’ Total nitrogen was estimated by the Kj<4dahl method as modified l>y 
Treadwell and Hall,** using salicylic acid for the reduction of nitrites aud nhrat(\H. 
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200 grams of well powdered alkali soil (from Soraon, Allahabad) after having 
peen passed through 80 mesh sieve were taken in white enamelled dishes of seven' 
inches diameter. 0 1% and 0'25% nitrogen as ammonium sulphate andO'1% and 
0'25%nitrogen as sodium nitrate was added in different sets. 0'5% carbon was 
added either in the form of sunn-hemp or alfalfa. 20% moisture in the form of 
distilled water was introduced in ever'y dish. 1 hese dishes were exposed to the 
artificial light from a 500 watt electric bulb hung over a distance of about two 
feet. The contents of the dishes were stirred on alternate days to help aeration 
and nitrification. The moisture content was maintained at about 20% throughout 
the duration of experiment. After an interval of 60 days and 120 days samples 
were taken out from each dish, oven-dried and analysed for total carbon and 
nitrogen. 

RESULTS 
TABLE 1 


Period of 

200 gms soil + 0*1 % N as 

(NH^)^ SO4 


exposure in 

Total carbon 

Total nitrogen 
% 

Nitrogen 

% 

loss 

days 

% 

lbs per acre 

0 

0-1136 

0-13178 



(iO 

0-1070 

0-08337 

48-4 

1084-16 

120 

0-0985 

0-07258 

TABLE 2 

59-4 

1326-00 


0 

tiO 

120 


0 

60 

120 


0 

60 

120 


0 

60 

120 


0 

GO 

120 


200 grns soil-f0T% N as (NHJa SO4-l-0-5% C as Sunn-hemp 
0-5969 0-15185 

0-4641 0-11146 40-4 904-96 

0-4248 0-10315 48-7 1090-88 

TABLE 3 

200 gms soil-1-0-1% N as (NH4).> 804-1-0-5% C as Alfalfa 
0-G034 0-15405 

0-5033 0-11176 42-3 947-52 

0-4749 0-10344 50-6 1133-44 

TABLE 4 

200 gm soil-|-0-25% N as (NH4)3 SO4 
0-1122 0-27920 

0-1061 0-17021 43-6 2441-60 

0-099G 0-14820 52-4 2934-40 

TABLE 5 

200 gms soil -1-0-25% N as (NH4)2 SO4 -1-0-5% C as Sunn-hemp 
0-5929 0-29576 

0-4726 0-20525 36-2 2027-20 

0-4346 0-18374 44-8 2508-80 

TABLE 6 

200 gms .soiH 0-25% N as (NH4I2 SO4 -+-0-5% G as Alfalfa 
0-.5992 0-30031 

0-5105 0-20356 38-7 2167-20 

0-4860 0-18205 47-3 2648-80 
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TABLE 7 

200 gms soil- 10-1% N as NaNO;, 


Period of 


txposure 

in 'I'otal earlton 

Total nitrogen 

Ni<ro<>;(ni 

1 f LHH 

dtiys 

% 

% 

% 

il)H fH-r 

0 

()•1129 

0-13162 



60 

odortii 

0-1041 1 

27-5 


120 

0-0961 

0-09682 

3.1-8 

77n‘ai,^ 



'PABLl'l 8 




200 gms soil-1 0-1 % N as NaN 03 + (>-r)% C us Sunn-liemi> 

0 

0-5961 

0-15166 



60 

0-4524 

0-13105 

20-6 

4(!1 -.I'i 

120 

0-4115 

0-12554 

26-1 

584-.10 



TABLE 9 




200 gms soil ‘ 

0-l% Nas N.-iNO,, 1 

0'5% (1 as AKalfa 


0 

0-6026 

0-15-169 



60 

0-4976 

0-13228 

22-1 

50l-7(i 

120 

0-4(ih9 

0-12638 

28-3 

633-96 



TABLB 10 




200 gms soil 1 0-25% N 

its NaNO., 


0 

0-1118 

0-27817 



60 

0-1017 

0-21292 

2(i-l 

M61-Ii0 

120 

0-0924 

0-19741 

32-3 

1808-80 



'i'ABLE 11 




200 gms soil ■10-2 

5 % N its NaNO,,-h0-5% CasSuun-hemp 

0 

0-5908 

0-29474 



60 

0-4426 

0-28649 

ia-9 

11)58-40 

120 

0-4001 

0-23448 

23-7 

i327-2t) 



TABI.E 12 




200 gms soil-1 0-25 % N as NaNCX, 

1 0-5 % t: ;tH Alfalf. 

i 

0 

0-5972 

0 29930 



60 

0-4923 

0-22855 

iio-3 

1 1 3(c8t) 

120 

0-4606 

0-23480 

25-8 

M-14-70 


DISCUSSION 

A careful study of the foregoiu,^ n-sults clearly indicates that a lar-r portion 
of nitrogen added to the soil in the form ainmonium sulpluiUMs not I'c'i’aincd by 
the alkali soil and is lost to the alinosphcrc. In alkali soil ihrre is an addition d 
source of loss due to the formation of ammoniiun (tarhonalc which drcotnposi .s 
giving off ammonia : — i * 

(Nl;J4)2SC)4 4-NaajCX)jj ^(IMI r.| | N;uS( ),, 

Itisintcrestingto note that the loss of nitro,<.;on in ih<t tsisc sodium nitrate 
IS less pronounced. When Od % nitrogen as ammonium sulithale is tiddcd, the 
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percentage loss is 48‘4 but when the same dose of sodium nitrate is added the 
percentage loss is 27-5. In case of ammonium sulphate there is a greater possibility 
or tlic lormalion of ammonium ion which can easily undergo nitrification and 
lienee greater loss has been observed in this case. Some losses of nitrogen may be 
due to the liberation of ammonia ions derived from ammonium sulphate, and 
carbonate lorus from sodium carbonate present in alkali soil. As sodium nitrate 
IS already m nitrate state the question of nitrification does not arise, but some 
nitrite and ammonia are formed due to the reduction of nitrates by the soil 
humus or the orgainc matter added thus causing the loss. 

Martin and associates' have reported that when urea or ammonium salts 
vvere added to the alkaline Arizona soil, nitrogen can be lost to the atmosphere in 
the form of ammonia and this may be of considerable importance in alkali soils 
undei hot, wet conditions. The rate of loss of nitrogen is very rapid in the 
begining but it slows down with the lapse of time. It is clear from the table 
No. 1 that when O'l % nitrogen is added as ammonium sulphate the lo.'s is 48'4 % 
in 60 days while it is only 59-2% in 160 days. Jewitt'" also got similar results 
with the alkah soil. : . 

_ When carbonaceous matter like sunn-hemp or alfalfa were added alone 
with imrogenous compounds to the alkali soil, the loss of introgen is retarded 
as us dear from the results. Foregoing results also show that on addition of 
sunn-nfnip the loss ol nitrogen in case of ammonium sulphate is decreased from 
4B*4 % to 40"‘t % in 60 days. It seems that sunn>hemp and alfalfa, which are 
rich in carl)onacc,oas materials, act as negative catalysts and thus check the loss 
ol nitiogenotis compounds. It is a well-known phenomenon that carbohydrates 
pr<\scrve body i)rotcins from \mdcrgoing oxidation as shown by Hirscbler’^ and 
DorylainU'* and it is just likely that carbonaceous matter present in the soil may 
also a<U as negative catalyst and protect the soil protein and nitrogenous matter 
from oxidation. It is interesting to note that sunn-hemp, which 'oxidizes more 
easily than alfalfa checks the loss to a greater extent. Dhar and Narayanan’^ also 
iound lluit orgadiie substances like sugar, starch, gum, lignin, chlorophyll and 
alcohol retarded the decomposition of ammonium nitrite solution. Mukerji and 
Agarwal^Miave sliown that the addition of green manure in combination with 
oil oa,kcs or a:nun(.'nium sulphate leads to marked increase in the field of wheat as 
eoin|)arcd with that due to green manure and artificials alone. 

ft may, th<;reforc, be concluded that the incorporation of organic matter 
like sunn-hetnj) and alfalfa with nitrogenous fertilizers is a beneficial process for 
iini)roving nitrogen status of the alkali soil by retarding the loss of introgen. 

SUMMARY 

When ammonium sulphate or sodium nitrate is added to the alkali soil, an 
a]:)preciabl(^ amount of nitrogen is lost in four months, the loss being more 
with ammonium sulphate than with sodium nitrate. T'he addition of organic 
matt(‘r in the form of siinn-hernp or alfalfa checks the nitrogen loss appreciably 
which is du(^ to the fact that carbonaceous matter present in them acts as a 
u<‘,galiv<!: c,it;dyst and hence saves nitrogen from further loss. 
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EFFECT OF ROCK PHOSPHATE AND BASIC SLAG, REINFORCED WITH 
LIGNITE AND GOAL, ON NITROGEN STATUS, AVAILABILITY 
OF PHOSPHATE AND pH OF USAR SOIL 

Bv 

S. P. MITR A atid HAUI Sli ANKER 
Sheild Dhar Institute of Soil Science^ University of Allahabad 

(Received on 20th December, 1954) 

It has been estimated that approximately one-third of the land surface of 
the earth is arid or semi* arid. There are vast tracts of alkali lands in India, 
and in Uttar Pradesh alone there are more than 4 million acres of alkali land. 
Previously Dhar and co-workers^ have used molasses, press mud and oil* cakes for 
the reclamation of alkali soil. Recently Dhar^ has postulated a new but signifi- 
cant role played by phosphates in preservation of soil nitrogen and its enrichment 
through the fixation of additional amount of nitrogen from atmosphere. Dhar 
and PaP obtained marked increase in soil nitrogen status, availability of phos- 
phate atul fall in pH value of alkaline soil when disodium hydrogen phosphate 
was added with carbonaceous matter like lignite and coal. 

The present studies have been made with a view to find out the influence of 
rock phosphate and basic slag, on the soil nitrogen status, availability of phosphate 
and pH of the alkaline soil, with lignite and coal as energy materials. 

METHOD AND MATERIALS 

'i’otal carbon was estimated by the method of Robinson, Mcleans and 
Williams/ Total nitrogen was estimated by the Kjeldahl method as modified by 
'Proadwcll and Hall^* Exchangeable calcium was estimated by Hissink’s method.® 
Available phosphate was estimated by Dyer's method.’ pH was determined by 
Beckman pH meter. 

200 grams of well-dried and powdered (passed through 80 mesh sieve) alkali 
soil was taken in shallow enamelled dishes, to which lignite and Assam coal at the 
rate 1% carbon along with rock phosphate (Trichinopoly) and basic slag (from 
Tata Iron & Steel Co,, India) at the rate OTSBJ^ ^ 2 ^') were added. The mix- 
tures wore thoroughly mixed. The soil was stirred daily, the moisture content 
of the dishes was maintained at 20%. The dishes were exposed to electric bulb 
(5()() watt) light, placed at a distance of 1 yard from the dishes. The samples were 
taken after drying the soil completely. 


RESULTS 
TABLE 1 




200 grms 

soil-bl% G as Assam coal 



Period of 

Total 

Total 

Exchangeable 

Available 

Efficiency 

rngm 


exposure in 
days 

carbon 

% 

nitrotfcn 

%'" 

calcium m. e. 
% 

P 2 O, 

%■ 

pH 

0 

iTi3r> 

0-04881 

3-8 

0-01642 

... 

10-30 

150 

1-0234 

0-05018 

4-3 

0-01691 

15T 

9-35 

SOO 

0-95()0 

0-05068 

4-9 

0-01756 

17*3 

8-40 

510 

0-8496 

0-04046 

5-3 

0-01780 


8-10 
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TABT.E 2 


200 sms soiH-1 %C\ .IS Assa.ni coal | 0-l3fi%Pa()„ as Rock |)li(is|.li!itc 


Period 

of I’otal 

To till 

Exelia,ng<'al)l( 

‘ Av;ul;dd(' 

L* i t " * 


exposnn 

: in carbon 

nitrogen 

in. (\ 

P./)., 

rdijcaeiH'y 

pll 

days 

% 

% 

0/ 

/Q 

' ' ■' 

ni*pn 


0 

lil'lfi 

0-04881 


0'0I(I28 


1021 

150 

o-'inoi 

0 -0.5098 

4*0 

0-0:i022 

tii-3 

!) 0 

300 

()-9310 

()-()5248 

5*4 

0-04126 

•dd-l 

8*1 

510 

C)-8063 

()-04608 

54) 

0-04678 


7 '8 




I’AKLli 3 





200 gms soil 

-|-l%G.as 

Assam coal + Oi 

38% IV),, as 

Basic slag 


0 

1-1136 

0-04881 

3-8 

0-02981 


io*:io 

150 

0-9521 

0 05256 

5*0 

0-03316 

23 

OdO 

300 

0-905 -1- 

()'0551(i 

5’ 7 

0-03651 

30 3 

8*00 

510 

0-7629 

0-04780 

G'2 

o-o3tr/:i 


7*05 




yAlUAl 1 






200 fi^iius soil !• 1 %(! as I 

.ignite 



0 

1-1 136 

0'0'l'592 

3-80 

O'0 11,42 


10 liO 

150 

1-0012 

0-04'i>')7 

■1-20 

O-OHiHl 

3) 

O'-Io 

300 

0-9221 

()-()4Hli9 

•1-65 

0-()17:',8 

142) 

8*7o 

510 

0-7706 

0-0394() 

5-11) 

0-1)17.56 


8‘25 




TABI.E 5 





200 gins soil [ 

■ 1 %C1 as I 

.ignite-l-O- 1 38.':; 1 

its Rnek 

|>Itofq)liatc 


0 

1-1136 

0-04592 

3-80 

0-1)1929 


io*:»o 

150 

()-9f)(in 

0-04768 

‘1 -5.5 

0-0131.5 

1 i**o 

q.| r, 

300 

0-{!9«7 

0-04963 

5-34 

0-042i’i3 

17’2 

8 10 

510 

0-71(13 

0-03885 

5 -at) 

0-04696 


8’f)5 




TABLI^ (i 





200 gms sol 

1+^%C as Lignite 1 O-LlB 

% I’.,0„ as B; 

isic sla,''; 


0 

1-1136 

0-04592 

3-80 

0-0!i98() 


10';>0 

150 

0-9'143 

0-04853 

4-7.5 

0-03317 

1 5*3 

0*20 

300 

0-8595 

0-05197 

5 .54- 

()•( 13652 

2:28 

8»' 10 

510 

0-7105 

0-03917 

5-90 

0-03681 


y.yg 


DISCmSION 

From the foregoing results it is clear that Assam coal and li'miic coniain- 
mg organic matter are slowly oxddi/.ed in contact with light and air',' when added 
to the akah sod. From the results it is clear that nilrogea stains (d'tlie 

alkali sod increases slowly up to 300 days and tifier that iteriod' loss of nitrom-n 

takes place and G/N ratio ol the mixture increases. We havr, olr.erved that the 
amountofnitrogen fixed or the efiicd.mcy of the system is hi|.;),er wiien rock 
phosphate and basic slag have been added along willi coal or inniile. Similar 
results have been obtained by ])har.“ Raye.htuulhtiri and Snhliialt^ liave .also 
tound that by adding phosphate fertilizers the soil nitrogeit sitiiu!; is .almu.st 
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doubled. Dhar® has explained the increase of nitrogen fixation on the addition 
of phosphate in the following words : — 

‘‘'It seems that phosphate plays a vital role in the improvement and main- 
lenaoce of nitrogen status of the soil. The proteins that are present in the soil 
humus are likely to be stabilized by the formation of nucleoproteins, etc. with the 
eombinatiou of protein and phosphate or other substances. The organic matter 
I>resent in soil or added to it undergoes slow oxidation in the soil aided by the 
light and presence of alkali^ and fixes nitrogen of the air and form protein in 
this process. Under ordinary condition, the proteins formed undergo ammoni- 
fiealion and nitrification which are accelerated by light absorption and forms 
nitrates in the following way : — 

drUg O.^ O2 

Proteins > amino acids ? NH4 compounds > NO2 > NO3 

In this series of reactions the unstable substance, ammonium nitrite, is formed and 
decomposed according to the following equation : — 

NH^NOo, > N2+2H2O + 7I8 [CCal 

Hence along with nitrogen fixation and formation of proteins due the oxida- 
tion of energy materials, amrnonification and nitrification, which oppose the 
increases of the protein in the soil, takes place and thus the amount of protein 
remaining in the soil tends to decrease. Hence the apparent efficiency of nitrogen 
fixation appears to fall off when amrnonification and nitrification take place. 
But in the presence of large amounts of phosphates in the system more or less 
stable phospho-proteins arc formed by the combination of proteins and phosphorus 
compounds. These compounds seem to resist nitrification and amrnonification 
and loss of nitrogen is belter than protein alone. This seems to be an important 
reason why the cificiency of nitrogen fixation of soils, both under sterile and 
uustcrilc conditions appear larger in presence of increasing amounts of 
phosphates/* 

¥rom our results it is also dear that there is an appreciable increase in 
exchangeal)le Ca and fall in pH value. This is due to the fact that during the 
process of slow oxidation of coal and lignite GO2 is liberated, which in presence 
of water I'orms carl)onic acid. This weak acid reacts with calcium carbonate 
forming calcium l)icarbonate, Ga ions thus brought into solution replace Na ions 
as given in the equation below : — 

1. H2GO3 f GaGOjj Ga (HG03)2 

2 . Ga (11003)2 + Na clay > Ga clay + 2NaHG03 

In other words the amount of Ga brought into available form and the amount 
of Na ions replaced depends on the amount GO2 produced in the system. Kelley^® 
got similar results by growing Bermuda grass. It is interesting to note that in the 
|)tuscnce of rock phosphate and basic slag the amount of exchangeable calcium 
is sufficicntlv iucrcascd and fall in pH value is also greater, which is due to the 
greater amouul of CO. produced in the system and secondly due to the formation 
of dicalcimn and monocalcium phosphates in the system. Monocalcium phosphate 
can r(‘adilv convert tlu^ sodium carbonate and sodium bicarbonate present m 
alkali soil into sodium phosphate, calcium carbonate and calcium bicarbonate 
resptaaivcly as given in the (equation thus reclaiming the alkali soil. 

Na,(K).; + Ca {IhlK),). ■> 2NaH2PO.j 1- GaGOs 

2 NallGO.j + Ca (HaPO^)*^ •> 2NaH2P04 + Ga(HG03)2 
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It is also seen from tlic results that llic availability of phosphtiK's is greater 
with rock phosphate and basic slafp 'I'his is dru- t<) lh<> gri-atcr amount <»f (X)^ 

liberated which reacts with iriealciiun phospliate, ])rcsenl in roc'k phospliate an<l 
basic slag, and thus fonns the dicaloiuiu and nnnineahdinn phosphates respectively. 


Ca,.j (h<>4^2 + 
(hi, (TO,), 4 


CO, rlh.(> 
•jeo flUIoO 


llCa-HI'O^ -k ( aCO, 

C;v ( H. PO.L I IhhiCO, 


'Ihc dicaleiuin and inonocaleimu pliosphaJc's are ntfire solnhle than irieah’imn 
phosphate a, nd llius the avaihibility is inenaised. Ma,spsfacl and Christiansen’ ‘ 
have obtained similar results. Mattson ami co* workers’^ reported that lower ^ the 
pH value, greater is the amount of available, plmspliativ Pal'” alsm obtaimal 
similar results . 


Thus the results rccordcal clcaaly inditaite that systematie^ use of rock 
phosphate and basic slag with appropriates organie matter is Indjiful in incu'easing 
and improving the (piality of alkali soil. 


SUM MAR Y 

The alkali soils are poor in nitrogen, (Virbon and phosphates, Ap|>liea.- 
tiou of phosj)ha,tcs, e./p, rock phos])hate ami baisc' slag r(\sul ted. in the im]>rovc- 
ment of these soils. 1’hc soil nitrogen status is inereasetl, I'Aidiangeaide 
calcium and available ima-east* api>reeiably. Pail in pi I is stdlieacmtlv 

great, Tims imtbision oT any organie matter with phosjduues oiler a ra|)id 
method of imiiroving tlu^ lerlility of alkali soils whitdi are |)oor in nitrogen and 
carbon. 
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STUDIES ON THE RELATIVE EFFECTS OF TRIGHINOPOLY ROCK 

PHOSPHATE AND BASIC SLAG, WHEN REINFORCED WITH 
ORGANIC MATTER LIKE SUNN-HEMP AND ALFALFA, 

IN RETARDING THE NITROGEN LOSS WHEN 
NITROGENOUS FERTILIZERS LIKE AMMO- 
NIUM SULPHATE AND SODIUM NITRATE 
ARE ADDED FO ALKALI SOIL 

By 

S. P. MITKA and HARI SHANKER 

Sheila Dhar Institute of Soil Science, University of Allahabad 

(Received on 15th December, 1954) 

Phosphorus has sometimes been called the master-key to agriculture. Its 
im))ortancc in general farming is indicated by the fact that low crop production 
is dtic more often to a lack of phosphorus than to the lack of any other element. 
Unlike nitrogen, very little information is available on the manuring with phos- 
|)hates under Indian conditions. There are places in India where soils are poor in 
phosphates and the application of phosphates under Indian conditions is now 
gaining in importance. 

Phosphates are available in many forms e,g., bones, rock phosphates, basic 
slag and other Ibreign products. In summarising the work on phosphates in India it 
is clear that apart from few experiments with ammophos, most of the work was done 
with superphosphate and bone-products. Das* has indicated that manurial value 
of phosphates is enhanced when they are applied with bulky organic manures. 
DeCouse’*^ was of the opinion that in acidic soil the effect of superphosphate and 
Renohy perphosphate was equal but in alkaHne soil superphosphate gives better 
response. A Committee Report of Board of Agriculture for Scotland^ stated that 
the effect of phosphatio fertilizers was not exhausted in the first year and that 
lasted for three seasons. 

It is seen that very little information is available about the relative effect of 
differtmt })hosphatcs in retarding the nitrogen loss when they are reinforced with 
organic matter. In this paper we have studied this problem systematically and 
have drawn definite conclusions. 

METHOD AND MATERIALS 

I\)tal ('arbon was estimated by the method of Robinson, Mcleans and 
Williams.'^ 'rotai nitrogen was estimated by the Kjeldahl method as modified by 
dhx^adwell anti lIalF» using salicylic add for the reduction of nitrites and nitrates. 

200 gra,ms of well powdered alkali soil (from Soraon, Allahabad) after 
luiving btHm passed through 80 mesh sieve were taken in enamelled dishes. 
andO'25% nitrogen vvas adilcd either in the form ammonium sulphate or sodium 
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nitrate respectively. 0-5% carbon was added either in the form of sunn-hemp or 
alfalfa. In one set 0-25% RjOf. as 'rriehinojioly roek ])hosi)hale was added and in 
another set of experinumt 0'2.')% P.Pr. added. 20% 

moisture in the form of distilled water was added in eaeli disln Tlu'se dishes 
were then exjiosed to (he artificial liiijhl from a .^iOO watt eleeirie Imlh. 1 lu^ 
contents of the dishes wen; stirred on alteriiaie, days to help aeration. Moistuia; 
content was maiiitairH;d nt 20%. After an interval of (it) days and 120 days samples 
were taken out from each dish, oven-dried and anajy.sial for the, total enrbou and 
nitrogen. 

RESULTS 

Experiments with Trichinopoly rock phosiihate 

Average temp. — iiO'-’Ck 

TABLE 1 


200 gms soil-|-0d% N as (NH*).j SO,(d-0\^)% G as .Smm-h(;mp | ()•2.'■)% 


Period of cx- Total carbon 

'Potal nitrogc.n 

Nitrogen 1 

tOSS 

poKSurc in days 

% 

% 

% 

l!)s per 





acre 

0 

0'.TOlh 

O-I.Klfi.'S 



()() 

0•■■l■•lf(0 

()-ll8()'l 

32-5 

72HOO 

120 

()-4'l31 

o-u;$7(i 

30-7 

B2d’32 



'I’ABLE 2 



200 gms soil + 0-1% N at 

» (Nil.,),, HO, + 0-r)% G a 

,s Alfalfa T 0-25% IV), 

0 

{)-rm2 

O-l.'kkTl 



(K) 

()'487() 

0-1 1923 


7(i8-32 

120 

0-4.')4a 

()■! 1443 

30*3 

f!75-8.5 



TABI.E 3 



200 gins soil 

• h ()-2.V„ N : 

as (Nil,)., SJ, G a 

s Sunn-luanp 1-0* 

25% I\.0. 

0 

0-5a87 

0-29324 



00 

o-4.')at> 

0-21723 

:>0‘'l' 

1 702 •40 

120 

0'416a 

0-20399 

35*7 

1099-20 



TABlJi 4 



200 gms soil 

+ 0'25% N 

as (NH,), SO, .|.0-5% G 

as AllultH 10*23 

% ly 

0 

0-5940 

0-29773 



60 

0-4972 

0-21748 

32*1 

17o7*()0 

120 

0-4788 

0-19347 

37*3 

20JiB3it) 



'i'ABid'; f) 



200 gins soil 

+ ()'1% N as NaNO-j -I- 0*5,% (J as Suim-hciuj) | 

ly 

0 

()-.l91 1 

, 0-15132 



GO 

0-433.T 

()-13(i<l2 

bri 


120 

0-4014 

0-lf!l 13 

20*0 

•Iblp’lli 
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TABLE 6 


200 gms soil + 0*1% N as 

NaNO;, + 0-5% G 

as Alfalfa 

+■ 0-25% P 3 O,, 

Period of 





exposure T( 

)lal carbon 

Total nitrogen 

Nitrogen Loss 

ill days 

% 

% 

% 

lbs per 





acre 

0 

0-5974 

0-15335 



60 

0-4803 

0-13725 

16-i 

360-60 

120 

0-4467 

0-13214 

21-2 

474*88 



TABLE 7 



200 gms soil + 

0-25% N as 

NaNOs +0*5 %G as Sunn-hemp + 0*25 %P20, 

0 

0-5858 

0-29224 



GO 

0-4249 

0 25923 

is -2 

739-20 

120 ■ 

0-3912 

0-24549 

18-7 

1047-20 



TABLE 8 



200 gms soil 

+0-25% N as NaNO 3 + 0 - 5 % G 

as Alfalfa+0-25% P 2 O 5 

0 

0-5922 

0-29673 

• •• 

... ' 

60 

0-4765 

0-25972 

14-8 

828-80 

120 

0-4372 

0-24774 

19-6 

1097-60 


Experiments with Basic slag 
TABLE 9 

iiOO gins soil + ()•!% N as (NII,,)^ SO 4 + 0'5% C as Sunn-hemp + 0‘25% P 2 O 5 


0 

0-5842 

0-14741 


• ■ « 

GO 

0-4318 

0-11762 

29-8 

667-52 

120 

0-4045 

0-11330 

34-1 

763-84 



TABLE 10 



200 gms 

soil 1-0-1% N as 

(NH 4)3 SO 4 + 0-5% 

G as AIL 

iifa+0-25% PaOr, 

0 

0-5856 

0-15030 

... 


GO 

0-4709 

0-11860 

31-7 

710-08 ' 

120 

0-4468 

0-11400 

36-3 

813-12 



TABLE 11 



200 gms soil 

+0-25% N as (NH*)^ SO 4 + 0-5% G 

1 as Sunn- 

•hemp + 0-25% PoO 

0 

0-5761 

0-28716 

. • • 


GO 

0-4356 

0-21814 

27-6 

1545-60 

120 

0-3930 

0-20616 

32-8 

1836-80 



TABLE 12 



200 gms soil 1- 0 25% N as 

(Nl-g., SO 4 + 0 - 5 % 

; G as Alfalfa + 0-25% PaOg 

0 

0-.5816 

0-29149 ' 

. . . 

...» 

GO 

0-4775 

0-21848 

29-2 

1635-20 

120 

0-4578 

0-20347 

35-6 

1993-60 
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TAAI.K 13 


200 gins soil + (VI'/ N as NaNO* -I' 0'3 '/ (1 as Siiiin-h<'nii> f- O';!:*) *' 


Period of 
<'xposurt‘ 

'Potal carbon 

Total nitrogen 

Nil i'0!,;e 

n Loss 

lbs per 

in day-^. 

"/ 

/o 


% 

acre. 

d 

()*.37»a 

O' 14723 



60 

0'-1'223 

O' 13:103 

12.1! 

2112 '24- 

120 

0-39.')3 

0-12073 

TABLE 14 

17 -.3 

3! 12 -00 

200 grns soil 

+ 0-1% N as 

NaNO;, + 0'.3% C 

as Alfalfa + 

0-2.3% FH), 

0 

0'-3848 

0-1.301 1 



60 

0-46.')3 

0-13502 

14'’.3 

32T110 

120 

rr‘l407 

0-13042 

'FABI.E 1.3 

10-7 

441 '21! 

200 grns soil 1 

N as NaNO,, 1 O'.l^ (1 tit 

i Snnn-hemp 

1 0'2.3% IbO; 

0 

0 -.37.31 

0-2!!()23 



60 

l)'44 3li 

0-2.3701! 

1 V-’o 

(i32'}i0 

120 

0-.3}Mli 

0'2'I0.34 

TABLE Hi 

I11-7 

I047'20 

200 gins soil 

-1- N ai- 

1 Na NO., b 0-.3% ( 

1 as Alfalfa . 

1 0'2.3% lyp, 

0 

()',')7Ha 

0-201411 



60 

t)-4.')<)7 

0-2.37011 

i;!''! 

7;")0'40 

120 

0'43.32 

0-24'.3'17 

m.SGtI.S.SION 

111-2 

1010 ;*i) 


Th(^ foregoiiijT results dearly show the importance of i>liospliales in relardint' 
the loss of nitrogen. It i.s clear from the results tliat wlien rot k [)liohph;i(e or 
basic slag are added with snnn-hetnp or alfalfa along wiili niirogenons fertilizers, 
they retard the loss to a greater c-xtent. This is due to the fact tlial phospliati-s may 
retard the lo.ss in three ways. Firstly they may form slaliler phosphoproteins and 
thus the donitrilkalion will be les.sened, secondly )>y an increase in nitrogen 
fixation as shown previously by Dhad' and since observi'd loss is the btil.atiee 
of total nitrogen loss ocenring and nitrogen fixation going on side by side it 
goes a long way in neutralizing the loss. Thirdly t,!a ions introdui-ed in (he 
systein by the adpition of rock phosphate or basic siag may react with aminoiunm 
nitrite to give calcium nitrite, which is more stable than .•uninoitinin nitrite, 
Ghosh’ showed that the addition of potassium chloride tippretnalily cheeks the 
loss of nitrogen due to the formation of more sUdile pottissiuin nitrite. The.se 
results are in agreement with some of the residts obtained at Rotham'sfed'^ on 
the crop yield per acre on a .soil treated with tunmonitim sadphate eont.iitdne 
enough phosphate and potassium salts. From our remits it is also <'lear iluil 
basic slag is a better retarder of nitrogen lo.ss from the alkali soil than rock 
phosphate, when they arc reinforced with organic mattt'r. 

It may, therefore, be concluded tlmt ineor])oration of plm.sphates in the 
form of basic slag or rock phosphate with organic matter like ,smin-hemp and 

[ hGfl ) 



alfalfa is a beneficial process for improving the nitrogen status of the alkali soil 
by retarding the nitrogen loss from the artificial nitrogenous fertilizers which are 
used to make the alkali soil fertile. 

SUMMARY 

When rock phosphates or basic slag are added with organic matter like 
simn-hemp or iilfalfa, they retard the nitrogen loss from the alkali soil, in which 
nitrogenous fertilizers were added either in the form of ammonium sulphate or 
sodium nitrates to a greater exent. The efficiency of basic slag is greater in 
retardingthe loss of nitrogen in comparison to rock phosphate. 
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REPEAl'l^:i) ADSORPTION OE SODIUM OARBONAI'E IU<( )M 
SOLUTIONS BY A NORMAl. SOIL AND TPS SUBSPL 
CHIENT LILAOIIINOS WEEir VVAl iai 
Hv 

S. (;. MISHA 

Sheila Dhar fnstilutr of Soil Seience^ IfniverHitj! of MI ahahad 
' Cominunicated by Dr. S. P, Mitra 
{Received on 29th JSfovejnher 1954} 

Mondcsir (1888) established tlic principle by which Na.OO.} atul NaHG().| 
are produced in the soil and he was able to prepare 100 gins oftrona (Na^CXlj* 
NaHGO‘2H20) from I kgni of calcartjous soil by 20 ri^petitions of NaCII Wtitcrand 
carbonated watca' washings. Later (Jetlroi/., (1912)^ Dorniuhas, (DIB), Pre.sauHt 
( 1922), , Carnruins and Kelley, (1928) a.nd Bur<'^ess (192H) simvved iliaf by the 
application of llu' priin‘if)le (\sta,hiish(^d by Kbauh^sir, NuaUt L may hr fm'mrd in 
alkali soils. 

'Phe a,sso(uation of bla(d< alkali soil forma lion with Nai*OP>ii ami NallOOjj 
of irrigation waters, as originally pointed out l)y llilipirdand Lotighridg;e was 
lUilized l)y Stablt'r as (airly as 1911 in his rating formulae for irrigation walm’s. 
Stabler (Dll) slated that Na^COj) Is twiia^ as umlcasiralihmas Na( II and 10 times 
as undesiralile as NaoS( whilst Seolield asserttal tliai the hmanfulnrss (tatised by 
CIO"., and IIGO^.j has beim over-rated. 

Eaton (1950) pointed out that irrigaaion water (‘ontaaning IIG()5j in excess 
of its equivalent Ca’'^' P will lea.ve a residue of NaJKK)., upon evaporation 
and llic 1)11 of tlie soil will increase xq) to Bd). It has also lieim fonnd out by him 
that the hazard of using a water ima-eastal rapidlv as (lie sodium pmsamtage 
iiK'reased above 00 and decreased as Ifie percentagt^ fell below that levcd. RtnaaiUy 
(1947), it has lieen reconunetuhxl that if a soil has a goorl strmUnre and is per- 
nnaiible, evtui 75% sodium in irrigation waters does not give troiihh" providial lhat 
total salt content is low. 

Puri and Uppal, (D'12) have given the macdianism of tlu^ acuion of Na.,G( 
on a calcium soil and sliown that NaoCKXj reacts (piantitatively with (’.alciunr soil 
precipitating the wliole of exchangeable calcium as GaG( L and resulting in the 
formation of Na— soil, The non-availaliility of cideium in alkali soils lias been 
assigned liy them to a high pll value and not lo a higli Na/Ga. ra,tio. Puri, (DlOj 
has used 0*1% Na^GO., sohn;ion to rcdiic(M:h(‘ sta^page losses fn an canal beds bv 
50%. Na^GOa has also been used in mechanical analysis of soils as a disptu'sim/ 
agent. ’ ' 

The present studies were carried out in the laboratorhxs of the Sheila DInr 
Institute of Soil Science with a vi(‘w to find out the elfina ol' reiieatial applie.uim, 
of sodium carbonate solution to a normal sod on the adsorpiioa of carlamate ions 
and the release ol adsorbed sodium and carbrmatij ions from the S(nl bv succrs.sive 
lea(:hings with distilled watt^r. 'Pint changers in the pll valuers of tiu^ liltraus after 
each additions of sodium carbonate solution or of subsequrnt water leatdia t cs Irtvo 
also been observed. 
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experimental 

20 gms. of the normal soil having a pH and of known chemical composi- 
tion were shaken with 100c. c. solutions of NaaCOg (A. R.) of N/50, N/100. N/200 
and N/500 concentrations in glass stoppered bottles for 2 hours and filtered 
through Buchner funnels under pressure after 24 hours’ contact. The filtrates 
were collected and kept aside for GO^'g, HGO'g and pH determinations. 100 c.c. 
of NagCOg solutions were again added upon the respective Buchner funnels con- 
taining the soil and the filtrates were again collected and kept aside for deter- 
minations. In this way sodium carbonate solutions were added to the respective 
Buchner funnels till the filtrates failed to show any deficit of carbonate ions from 
the solutions. Now the soils left on the funnels after adsorption of NagCOg were 
repeatedly washed with 5G c.c. lots of distilled water till the leachates failed to 
give any appearance of carbonates. 

The determinations of CO "3 and HCO'g in the filtrates or water leachates 
were made by titrating a known volume with dilute HCl solution using phenol- 
phathalein and methyl orange indicators to find out the first and second end points 
as described by Piper (1947). pH of extracts was determined by Beckman pH — 
meter and chemical constituents in the HCl extract of normal soil by methods 
prescriibed by Wright, (1934) and A.O.A.C., (1945). The term ^^adsorption” of 
carbonate all along implies the disappearance of carbonate ions from the solution. 
The percentage of adsorption has been calculated on the basis of 100 gms, of soil. 

RESULTS AND DISCUSSIONS 


TABLE 1 (a) 

20 gms soil + 100 c.c. of N/50 Na^GOy pH 11*0 

Adsorption of carbonate as NagGOg 


No. of 
extracts 


Total 


No. of 
washings 

1 

2 

3 


pH of 

CO "3 left as 

HCO'a pro- 



the 

NaaCOj, (in 

duced as 

% adsorbed 

% 

extracts 

gms) 

NaHCOa 

('gms) 

of the total 

adsorption 

9*4 

0 -01 892 

0-04956 

82*1 

0-4355 

9*8 

()• 05300 

0-03890 

50-0 

0-2650 

10*1 

0 -07 760 

0-03150 

26*8 

0-1420 

10 *5 

0-09200 

0-03740 

14*3 

0-0700 

10-9 

0-10400 

0-03640 

1*9 

0-0100 

al 

0-19376 

TABLE 1 {b) 


0.9225 


Above treated soil + 50 c.c. distilled water each time 

Analysis of the leachate per 100 gms of soil 


pH of 
leachate CO' 


. present as NagCOg HCO'g present as NaHCO. 


Total 


9*65 

0-06600 

0-07495 

9*00 

0-05670 

0-07140 

8*40 

0-00446 

0-13480 

8*30 

0-00223 

0-08980 

8*00 

0-12939 

0-30095 
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table 2 («) 

20 gms I - 100 O.C. or N/U)0 NaXlC)., pH 10-5 
Analysis of the extract Adsorption of carbouiiie as NaaCC)., 


No. ol' 
extracts 


1 

2 

3 

4 

5 

Total 


pi I ol' 
the 

extract 


8 - 9 

9- 2 

9- 8 

10 - 1 

10- 4 


(K)"., left as 
NaaCC) (in 
gms) 


0-00283 

0-01700 

0-02120 

0-03030 

0-05300 


HCO's pro- 
duced as 
NallCO,, 
(gins) 

0-03133 

0-03200 

0-t)3440 

0 - 02()88 

0-02488 

0-1494!) 


5^ ads(ii-|)ed 
of the tola! 


!M-(i 
(■>7-!) 
00 0 
• 12-8 
0-00 


adsorption 


0-2.508 

0-1800 

0-1590 

0-1135 

0-0000 

0-7033 


TABU-: 2 (l>) 


Above treated soil 1 50 c.e. tUstilled water each time 


No. ol' 
washings 


pll (,r Analysis ol' the leachate per 100 gms of .soil 

leachate CO"., present as Na..CO., JICC)'., present as Mill ICC );, 


1 

2 

3 

4 

5 
(> 

7 

8 

Total 


9'4 

0-03337 

0-04200 

94) 

9 ‘3 

0-03337 

0-()59()0 

0-02385 

0-03300 

9*3 

0-02385 

0-025.50 

a*5 

0-00450 

0-04200 

7*7 

... 

0-025.50 

t)-O20.5O 



0-02100 


0-11894 

0-027.57 


I'ABLE 3 [n) 


20 gms soil + 100 c.c. of N/200 NaaCO,, pM 10-2 


No. of 

pH of 

Analysis of the 
CO"., left as 

extract Adsorption of carbonate 

HGOC pro- 

a.s Na^Ct). 

ihe 

NaaCb. (in 

duced as 

% acborbccl 

% 

extracts 

extracts gois) 

NaHCO;, 
in gms) ■ 

of the total 

ad.sin-pfion 

1 

8-0 

0-00000 

0 0398 


0-132.50 

2 

8-5 

0-00228 

0-(')2(i9 

91*3 

0-I21 10 

3 

8-9 

0-()045(i 

0-0238 

92*7 

0-i0970 

4 

9-5 

0-01145 

0 0210 

mv 

0-(iy430 

5 

10-0 

0-02000 

0-0201 


0-()325() 

6 

Total 

10-1 

0-02()60 

0-0100 

0-1 410 


0 47010 
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No. of 
washings 

1 

2 

3 

4 

5 

6 
7 


tAbLE 3 {!>) 

Above treated soil + 50c. c. distilled water each time 

pH of Analysis of the leachate per 100 gms of soil 

leachate GOg present as Na 2 C 03 HCO'g present asNaHGOg 


Total 


No. ol 
extract? 

1 

2 

3 

4 

5 
G 
7 

a 

9 

U) 

11 

12 

Total 


9-3 

0-02284 

0-01805 

9-1 

0-01150 

0-01090 

8-9 

0-00914 

0-01090 

9-2 

0-01829 

0-00725 

8 9 

0-00914 

0-01800 

8-5 

0-00450 

0-01090 

7-5 


0-01100 


0-07541 

0-08700 


TABLE 4 (b) 


pH of 
the 

extracts 

7-7 

7-7 

7 - a 

8 - 0 
8-2 
a-2 
8-2 

8- 7 

9- 0 
9-0 
9 9 

lOT 


20 gms soil + 100 c.c. 
Analysis of the extracts 
COg left as HGO'g- pro- 


pHlO-0 

N/5OON2GO3 . 

Adsorption of carbonate as NagCOg 


Na^GOg (in 

gms) 


0-00182 

0-00273 

0-00273 

0-01000 

0-01060 


duced as 
NaHCOg 
(gms) 

0-02965 

0-01490 

0-01490 

0-01680 

0-01490 

0-01490 

0-01600 

0-01680 

0-01000 

0-01000 

0-01100 

0-01100 

0-18085 


% adsorbed 
of the total 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

82-8 

74-2 

74-2 

5-6 


• 

3,(isorption 

0-053 

0-053 

0-053 

0-053 

0-053 

0-053 

0-053 

0-043 

0-039 

0-039 

0-003 

0-495 


table 4 (b) 

Above treated soil + 50 c.c. distilled water each time 


No. of washings pH of leachate 


Analysis of the leachate per 100 gms of soil 


G 0"3 present 
as Na^GOg 


1 

2 

3 

4 


8-0 

7-5 

7-5 

7-.5 

7-5 


'otal 


HGO '3 present 
as NaHCOg 

0-03610 
0-0 1800 
0-01800 
0-01800 
0-01800 
0-10810 
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i'AliLK 5 

Gh(;mica! analysis („,) nl' normal soil (ovc,n-(lri(;(l) 


Loss on ignition ... ILHH 
HCI insolul)lc.s ... flMM 
Se.s<|uioxid<;s ... ll‘17 

Fc.,()., ... 4-12 


CaO 
Mgt ) 
K,.( ) 
I*.< ), 


.. n-fi'i2() 
. I -I. '■»»() 
. (i-o'/a.') 


TABI.I'i (i 

Amounts of CO''^ and lICO'.j in tlic adsorp(it)n and walor lean hinir sysfmn.s 
Amount of Concentrations of Na,AK),^ addetl to soil 


1. 

2 . 

3- 


GO".i adsorb(‘.d as NaoCC)., 
HC&,, (as Nall GO.O^ in ' 
the NaoGO.piiltrales 
HCo'a NaJ rCOjj) in -- 
the water (extracts 
4, GO^'rj f^dven otit as Na.oC<).j- 
in water extiaicts 
5* Na*^C();j left adsorbed in • — 
the soil 1 — (2+3 | 4) 

(after converting NaIK:!(.).j to 
ettuivahmt Na^GO.j). 


N/.'iO 

N/lOO 

N/2(iil 

N/.IOO 

Vo ()-922.‘) 

% (H)(i8B 

()-7();H 

<)-7474 

0-171)1 

0-7()8() 

0-40i() 

0-9O4O 

Yo O-HOO!) 

(l•27^l7 

O-OH/O 

o-iuai 

% (M2iH 

O’lUiP 

0M)7,'V| 

* « » 

(--)(l-()()().i ( 

-T'ortf)? 

(~)0-,0|'l 

(- )0’1T,0 


From the above tallies it is ehaar that at louaa* 
carbonate solution, tlie wlmle of ca,rb()nat<* ions art 


coucentnitiouH of sodium 

-■ T , . \ r"" hit ai).sorbed, by the soil wlien 

die solution » added ior the Itrst tune but gradually the atl.sor ,fion ,4 , 

decreasing till no adsorption of carhonute ions takes place. The pereent-’ulson 
tioii(ainomit of NaaG()« adsorbed by 100 gins of soil! is highest will, Vrr 'a 
coneemrution and it decreases as the concentration deere.ascs. However , ' 

directly proportional to the i imeentntlions oi' ,h‘ 

The pH of the e.xlrac.t.s obtained after eacli addition of Na.,( to ,h,. .oil 
IS Hways less than the pH of the original solution adde<l whieh shows that the 
lemoval ‘*i 3 has taken place. 'The pH of the e.xtraels gradually 

mcreascs till it c<iuals t he original pH values of the solutions .,se,l. B„, ,h‘ oH 

of the water extracts lolhiws a reverse ordiu- as is dear from the lablrN 1 \/>) •* h>) 

3 (A), and 4 (i). J he pH of water extracts is aiwavs on the 'ill- illtobiil',. ' 
high as y-G at highest concentration of Na.GO,,. tieatnumt and subMp.mit vvatm' 
leaching and as low as 8 0 with a lowest concentration of NdOO Na ( 1(1 nlier i 
similar caching with water. The pH of the extracts gradiiall'v falls .ilf as 'i -li 

L7de4saTrSrc:;nir^^^^^^^^^ Nad lt , einieentl.a;- ^o 

total n 5 c 4 fdlorbe?!;;! die ” . ' ' • ' ' 

no liberation of NaaCOj. nli.iiion, iheie is prarlie.dly 

Ihere is always .a simultaneous prodnedon of i\[..iicv i ,1 r 

carbonate solution is added to the soil and (i ten. ,1 '' hen sodium 

.suu .111(1 utti.i eel. i he amount pnnlfieei Is 
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approximately equal to the amounts of sodium carbonate adsorbed by the soil 
as is evident from tabic No. 6. Bicarbonates are produced even when carbonalpEs 
cease to appear in the water extracts and the amount produced is always greater 
than carbonates. The most interesting feature of the expriments is that at N/500 
concentration of sodium carbonate, though cent per cent adosorption of carbonate 
takes place, in the water extract no carbonate appears. 

The adsorption of sodium carbonate by the normal soil takes place accord- 
ing to th(t following equation : — 

Ca— soil -I- NaaCOs >Na 3— soil + CaCOg 

The insoluble calcium carbonate formed by the interaction of sodium car- 
bonate and calcium of the soil, is unable to supply any carbonate ions at such 
high pH values of 10 — 11 of sodium carbonate used in these expriments, hence, 
the carbonate ions appearing into the soil extracts after leaching it with distilled 
water come from the hydrolysis of the sodium soil formed by the action of sodium 
carbonate solution, according to the following equations : — 

Ca— soil -1-2HOH ;>2NaOH-b soil 

2NaOH -b GO3 ^NajCOa -I-H2O 

NaaCOa-bCOH-HaO > 2 NaHC 03 

Thus the carbonates and bicarbonates of sodium are produced as the 
e xperiinents arc open to atmospheric carbondioxide. As the filtration process is 
also a vttry slow one, some carbonate is converted into bicarbonate. 

b’rom table No. 6, one very interesting point is observed. The amount of 
luearl)onat('. and soditim carbonate present in the extracts and water leachates 
when substracted from the amount of sodium carbonate adsorbed by the soil, 
the values are always negative. It shows that the amount of sodium carbonate 
givetv out !)>' a soil is greater than what has been adsorbed whilst the results in 
tables Nos. 4 (a) and 4 (b) clearly show that the sodium carbonate adsorbed is not 
hydrolysed and liberated by leaching with water. Hence these experiments 
indicate that the amounts of bicarbonate found in the extracts or leachates do not 
give any indication as to the adsorption of sodium corbonate from the solutions, 
it is also clear that the soil is able to furnish bicarbonate ions from some other 
source except adsorbed sodium carbonate. The alkaline earth carbonates easily 
hydrolyse and dissolve in presence of carbon dioxide to give out their bicarbo- 
nalcs. As in these experiment from the amount of CO"3 and HGO'g, the amount 
of sodium carbonate and bicarbonate has been calculated, the two values do not 
coincide and hence negative values are obtained. 

The preferential adsorption of GO"i| ions from sodium carbonate is due to 
the formation of insoluble calcium and magnesium carbonates as well as ferric 
and aluminium carbonate. 

All tluise results show that the sodium carbonate present in the black alkali 
soils sidTcrs a scries of adsorption phenomenon and gives rise to high pH values. 
At liie same time the amount of .sodium carbonate in the adsorbed state m the 
soil may lie high and yet the soil may fail to give carbonate ions when shaken 
with water. 
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SUMMARY 


A normal soil can go on adsorbing sodium (airbonan^ from the washings ol 
iKuglibouring black alkali soil and may linally convc'rt into a soil wIjosc water 
extracts riiruish both the soluble (:arbona(<^ an<l l)i('arbonal<' ions. 

A low concentration of sodium carbonate iii solutions results in a relatively 
greater adsorption ofsodintti carbonate ami a eonsetjneni lesser irlease of soditnn 
carbonate in the water extracts than a higher coneentratiem. 

The amounts of andllOO'j^ in the water extracts wlten <*otnptu,rd in 

terms of sodium carbonate do not give a ch*ar pieturc of sodium <%arbonatc 
adsorption by the soil. 

The carbonates and bicarbonates in the water exttacts originate from the 
hydrolysis of sodium ions of the exchange complex of tlie soil. 
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INFLUENCE OF RAW BONE MEAL AND DIFFERENT ALGERIAN 
ROCK PHOSPHATES INCORPORATED WITH WHEAT STRAW 
ON OXIDATION OF CARBON, pH, EXCHANGEABLE 
GAI.GIUM AND AVAILABLE PHOSPHATE OF 
ALKALI SOIL 
By 

S. P. MITRA and RAGHUBTR STNGH 
Sheila Dlinr Institute of Soil Science^ University of Allahabad 

(Received on 20th December, 1954) 

Reclarnation of alkali soils has attracted the attention or soil workers all over 
the world. Tl is claimed that almost all soils can be cultivated if adequate 
amotints of organic rnantire can be supplied to such soils. 

'The princii)leH underlying the reclamation of alkali soils are : firstly to 
r(q)lacc some of the adsorded Na*^ ion by Ca'*''*' ion and to remove the released 

ions from the surface soil. Secondly permeability of the soil should be 
im|)roved and stabilized to facilitate leaching thereby ameliorating most of the 
defects of alkali soil. 

Almost all tmnsed alkali soils are impermeable in nature and improvement 
of their permeal)ility is the primary problem.^ These soils can easily be reclaimed 
l)y the mtahod advocated by Dhar and Pal."'^ They recommended the application 
of any calcium rich anumdment along with any organic matter followed by flood- 
ing with water having low salt content which produces satisfactory results thereby 
ameliorating practically all the defects of alkaline soil. 

Tlie begining of the alkalinity has to be ascribed to the washing away of 
valuable adsorbed ion and its replacement by Na-^ ion. In other words the 
Ix^gining of alkali soil is the conyersion of Ca soil into sodium one. This is 
possible by rain water containing traces of sodium salts and irrigation water 
<',ontaining little sodium salts and by sea water. Rain water usually adds 35 lbs 
of Nad ))cr acre anniudly 

It is well-known that soil humus acts as a marked” adsorbent of ions positive 
and negative i.e.^ they can affect the acidity and alkalinity of soil markedly and 
can act as l)u(lhr. It is clear therefore that under ordinary condition soil rich in 
humus cannot be either too acid or too alkaline. Hence there seems to be a 
fundamental difference between the effect of loss of humus in cold and hot 
countries. If the humus of the soil is lost in cold countries there is always the 
])ossil)ility of the formation of acid soils and in hot countries in most cases the 
oxidation of humus is more quick due to high temperature and this i« greatly 
bK'iliiated by the development of alkali. So once the soil in a warm country 
btuamu'.s aikalim^. and if organic matter is not added the alkalinity may go on 
imu'easing cduelly due to the loss of humus. 

"rhus tlm remedy is the addition of Ga++ ion in the system with the concomi- 
tajii iiicr(uisc of humus status of alkali soil by the addition of any organic matter 
to it. d'liis is tlic permanent cure of alkali soil. 
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T'h(‘ alkali soil used for lh<^ purpose of (^xpc’riuuuits was eolltaUc'd fVoiu Sorat)n, 
a, pbu'C: a,pproxinia(<'ly l!i mil<‘S from Allahabad. If was dried and sei\'ed through 
100 nu'sh, \Vh<‘a( straw us(m 1 in tin*, <‘\periuu nt was (uit If) ,'>0 mesh bv an 
cle(‘lrica! imu'hima 

200 gms ofthis soil was talom in <m.nmdle<f dishf's. 'Fo this soil .h f»;m.s, 
10 gains ami 20 gms ol' whea.t: stiaw was added, lhv<* dithuent Alfpua in roek 
phosphates olitainetl from F'ranee nameal B, asid Fb *^<1 tww bom' meal 

was added in combination with wheat straw in tliese reelaanatJon experimemi.s. 
They were used in 0*r>% and l'0% doses. 

These experiments were continued for twelve mordhs atul the eonumts of 
dishes were stirred and watered once or twiim a week with ilistilled water. 

Tlie estimation of exchangealih'. ealeium was tlone hy IlissinlFs imdho lA pH 
was determined in a suspension ofsoil ami wat('r in the ratio of I : 2‘a after being 
shaken for one hour in a lioitle by a, Ibrnkman |>II meter. 'The estittnuion of 
carbon was done 1)V Rohinsoit, Meha.ns and Williams methoilA Available 
pliosphtUe was tletermined in 2% eitrie acafl extract** of the soil by I.orcm/ 
methodd^^ 
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TABLE 2 


Analysis of Wheat straw 


% 


Carbon 

38-23 

Nitrogen 

0-73 

CaO 

0-28 

MgO 

0-06 

i\o, 

0-05 


TABLE 3 


Analysis of different Rock phosphates and Bone meal 


Name of the phosphate 

Total P2O5 
°/ 

Available PgO, 

0/ 

Algerian rock phosphate A 

/o 

29-62 

7-57 

jj >> ?> 

B 

26-45 

5-62 

SJ 

G 

33-37 

6-64 

?? J> J ? » 

Di 

39-58 

3-01 

SI ss ss 

Raw bone meal 

D.. 

39-78 

3-09 


20-17 

7-00 



DISCUSSION 



A close study of foregoing results clearly show that carbonaceous material 
like wheat straw is oxidized more quickly when added to alkali soil in conjunc- 
tion witli different phosphates than in absence of these materials. 

Three doses vli-^ gms, 10 gms arid 20 gms of wheat straw as organic matter 
were used in these experiments in order to see the effect of increasing doses of 
carbon mixed with different phosphatic amendments. So far as the economy of 
organic matter is concerned, 5 gm dose produce approximately the same effect as 
20 gms In reclaiming alkali soil. It is very interesting to note that the oxidation 
of organic matter is greater with bone meal in every case than with other phos- 
phates, It is well-known that alkalinity enhances the oxidation, hence more 
carbon is oxidized in case of bone meal than with different rock phosphates. 

Il has been observed that the rate of increase of available phosphate varies 
directly with the rate of oxidation of carbon of organic matter in the system when 
insolul)le [)hosphates have been added with wheat straw in alkali soil. The 
increase in the availibility of phosphate was obtained in every case even in con- 
trol cx])criniicnts where soil alone was incorporated with wheat straw. This is 
due to liic reason that tricalcium phosphate which is present in bone meal and 
rock phosphate is converted into more soluble form of phosphate such as dical- 
cium pliosphate and monocalcium phosphate by the aetjon of carbonic acid 
produced during the dceornposition, aarmonification and nitrification of added 
otganie matter, which is clear from the following equations 

1. + C()2 + lU)--->GaHP04 4 GaCOg 

2. Gug I 2 G ()2 “b 2 H 20 -->Ga(IiP 04)3 -f- 2 GaCOg 
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Reclamation experiments 
pK of the soil =: 10*0 
Ex Ca = 3-5720 m.e.% 
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Reclamation experiment 
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Oxidation of Carbon during reclamation 
200 gms soil + 5 gms of Wheat straw 
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Oxidation of Carbon during reclama tion 
200 gms of soil -r 20 gms of Wheat straw 
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Raw bone meal 
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1 he following observations of Dhari^ are of great interest in this connection 

“The third dissociation constant of phosphoric acid is smaller than the fir.t 
and second dissociation constants of carbonic Lid and hence ear m ^ 
verts tncalcium phosphate into dicalcium phosphate which is more soluble th*an 
tricalcmm phosphate. Thus the availibility of phosphates is increased in the 
soil richer m carbonic acid obtained from the oxidation of organic substances 
Similarly nitrous acid and nitric acid formed in the ammonification and nitrifica- 
tion ol proteins make phosphates more readily soluble. Thus phosphate aL 

more useful in presence of organic substances like farm manure, straw e?c uLer- 
going slow oxidation.” ’ cm., unaer- 


Baur’^ Raraasawami Sivan« and Rahn'* reported that organic 
increases the availibility of added phosphates during its decomposition. 


matter 


Ihc exchangeable calcium of the system is greatly increased when different 
piiosphates in conjunction with wheat straw are added to alkali soil This 
increase in the exchangeable calcium may be ascribed to the dissolving* power of 
carbonic acid and other weak acids liberated during the decomposition otLrganic 
matter on calcium carbonate present in bone meal and in rock phosphates. 
Claij(P 04)2 present in the rock phosphate and bone meal also releases Ga'^'*’ by the 
action of carbon dioxide. Thus the soluble Ca-*+ ion replaces Na+ ion from the 
exchange complex of alkali soil thereby increasing the exchangeable calcium 
status of the system. 


I he results clearly show that incorporation of insoluble phosphates with 
wheat straw produces better effect in lowering the pH and increasing the exchano-e- 
able calcium ol alkali soil than with wheat straw alone. The orde^ of efficiency 
of diderent phosphates in the reclamation of alkali soil is as follows ^ 

Bone meal > A>C>B>l)i>D 2 
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